TI TLE OF THE INVENTICN DRI VI NG VETHOD FOR q&ﬁﬁ@a&xﬁ %EAD BACKGRCUND'CF THE
dfor 5

| NVENTI ON The present invention relates to alg ( . driving a
recordi ng head that is conposed of a plurality, i nk-jet heads. An exanple
of a printer that uses a recordi ng head conpo f a plurality of ink-jet

heads is an ink-jet color printer, which is, equi pped wth ink-jet heads 10
each for a respective one of four colors of*ink (yellow, cyan, magenta, and
bl ack) and drives these heads to provide full-color printing. Such a

recordi ng head achi eves col or printing by superinposing each of col ored
dots of yellow, cyan, magenta, amdThPalk gﬁEtSHVEETI N"of the other and

therefore has a. L.r.e 0 trict cantrol of the distancg bgtmeen each
head i nk nozzIePREg%géeﬂgghgb EP nFﬁﬁ&RRFPﬁ Hﬁ&ﬁ r EOLUtLOn’kIt |sI t
difficult to set precisely th ' ead ink nozzle to an
i nt etg_ral mul t: p![e of t]te\e péxel%}gg?é%éﬁjﬁ?%% -IS_ tsh:nggse of
rinting resolutions . ,
Eetmeen printed dotsTﬁs gg F%gtorggfngﬁ Ebr@&a%gs[ {pregﬁmﬁgh f%ugar,t
there ariges a nsi:der ab .adat.i Ln_i.nmage quality, ich is due to
25 pe?iodicgﬁlggggegnggggggﬁgginF?ﬁgtggguﬁ?iﬁgmppaﬁﬁnpggpignnent of

dots due to nec haak+gdi gpl n S he tinme of nounting each head.
This coul d be S%?S%é@ktg oF %ﬁﬁ”ﬁ@% h@hdb"

An example of a printer that uses a recording head
composed of a plurality of ink-jet heads is an ink-jet
color printer, which is equipped with ink-jet heads

10 each for a respective one of four colors of ink (yellow,
cyan, magenta, and black) and drives these heads to
provide full-color printing. Such a reéording head
achieves color printing by superimposing each of
colored dots of yellow, cyan, magenta, and black on- top

15 of the other and therefore has a requirement for strict
control of the distance between each head ink nozzle.

However, for printing with high resolution, it is
difficult to set precisely the distance between each
head ink nozzle to an integral multiple of the pixel

20 pitch. For example, in the case of printing
resolutions of 300 to 600 dpi (dots per inch), the
distance between printed dots is of the order of 40 to
80 um. In particular, there arises a considerable
degradation in image quality, which is due to

25 periodical unevenness of printing resulting from
misalignment of dots due to mechanical dispiacements at

the time of mounting each head. This could be solved



2 by increasing the nmechanical precision in nounting each head. To this
end, great precision would be required of head nounting nenbers and
nor eover conplex and great precision would also be required for nounting 5
adj ust ment, nmaking the manufacture difficult and increasing the
manuf acturing cost. A nethod is also known _which solves the m salign- nent
of printed dots by displacing the printrngztiﬁing according to the pitch
corresponding to a nmounting 10 error between each ink jet head. For
exanpl e, the msaljgnnent of printed dots in the sub-scanning direction in
whi ch a printingy riERFERASIMG dihe grhnicnl axeai Hiomrigvirpwet ingl erahity
of clocks thateﬁernit the printing initiation tjmng to be selected 15
for each ink jefe?tad Thde &9 nPirt BrefiTPn evkd ikm reaniged
according to the ﬁis acenents of the printin itch. For_ exanple, the
provision of a ef ?(5)4 USRS W?ﬁ‘ébﬁﬁ%)n% d?c?’fé)‘?‘fﬁf FEARRERI 28%s for
electrical correction of up.to 1/45Pitch 3; 20 . displacement.in the :
sub- scanni ng di 951t o?fe%{%é??“ AR FOPT LIHTEIHEVh RMPELRE printi ng
posi tions. by proyidin delay. circuit for_.a position displacegent for each
printing Tine a%%J%ﬁgéﬁékﬁlﬁfﬁgﬂgrﬁh?nW?ﬂfﬁq rH t {ktﬁﬁf%ééﬂgfay 25
circuit. Furthgggg . | ' Unexam ned Pat ent
Publ i cati on No. /- J'S%Ag%s %%Sné{%@%és%ﬁ%gfﬁ%%m which utilizes a buffer
menory to ensure  a pethod is also known which solves the misalign-
ment of printed dots by displacing the printing timing
according to the pitch corresponding to a mounting
10 error between each ink jet head. For example, the
misalignment of printed dots in the sub-scanning
direction in which a printing medium travels can be
corrected by providing a plurality of clocks that
permit the printing initiation timing to be selected
15 for each ink jet head and selecting the printing
initiation timing according to the displacements of
the printing pitch. For example, the provisibn of
a clock four times the normal printing period allows
for electrical correction of up to 1/4 pitch of
20 displacement in the sub-scanning direction.
Moreover, a method is known which corrects
printing positions by providing a delay circuit for
a position displacement for each printing line and
displacing the printing timing through the delay
25 circuit. Furthermore, as described in Japanese

Unexamined Patent Publication No. 7—156452,'a~methqd is

also known which utilizes a buffer memory to ensure



-3- delay control and high picture quality control. In sumary, the
technique that uses a plurality of clocks that allow the printing
initiation timng to be selected for each ink jet head requires the clock
speed 5 to be increased, which results in conplication of control and
an increase in cost. The delay circuit- based techni que has a probl emthat
control becomes conplicated. The techniues disclosed in the patent
publ i cation needs a basic clock of N tinmes the highest 10 response
frequency for printing and a buffer nenpry, which conplicates control as a
result of the i9fAasORtFHAYiaRs et St u R B SHWVGRR O HE | NVENTI ON
It is therefore an aobject of the present [(nvention 15 t rpyj de
recordi ng head drivitly UMY antlls ber fguﬁiE%??gﬁ%%%taH%ﬁﬁ£%ﬁ1$¥i%$ed
dot arrangenents in bqgth the sub-scanning and nmain scanning directi.ons

t hrough si npl e Cétﬁﬁq?‘soﬁ:%%c%r]o?"ﬁgt D RRHTHHRE H H AT a0 1R 20
provi ded a nmet hod of, driying a.recording head in which ] |t I nk
j et heads each Sr?g]\ﬁ%tgecg ﬁloaﬁ %ea%rﬁ)@f :b?gil'rﬁa h’é%ﬁ)‘éirrsesea% eopéj%o\?(%%eyopévéctlh an
| nk nozzlee are g Fb%‘gﬁdc){é‘a&ead a'vh%ifcﬂ{"' éé‘sﬁgﬁ‘ ﬁﬁ *lgém;&i‘i@a{'?drﬁ‘ gfanni ng
direction perpendicular 'to a direction In Ich 2 a recording nedi um

moves relative d'_fog}éélﬁ 'LerﬂPZarg[}%}c?f&aéé)afﬁdcé@@f ¢ fﬂ&rﬁﬁﬁ‘.h&%{tﬁ&i@l’ a

pr edet er mi ned ance 1 n scanning direction In
based technique has a problem that control becomes

complicated. The techniques disclosed in the patent
publication needs a basic clock of N times the highest
10 response frequency for printing and a buffer memory,
which complicates control as a result of the increased
driving frequency.
BRIEF SUMMARY OF THE INVENTION
It is therefore an object of the present invention
15 to provide a recording head driving method which
permits misalignment between printed dot arrangements
in both the sub-scanning and main scanning directions
through simple control.
According to the present invention, there is
20 provided a method of driving a recording head in which
a plurality of ink jet heads each having a large number
of ink chambers each provided with an ink nozzle are
arranged in parallel with each other in a main'scanning
direction perpendicular to a direction in which
25 a recording medium moves relative to the heads and
are spaced apart from each other by a predetermined

distance in a sub-scanning direction in which the



-4- recordi ng nmedi um noves, conprising dividing the ink chanbers of each of
the ink jet heads into N (an integer of two or nore) sets each including
every N-th ink chanber, placing ink nozzles of N ink chanbers. 5 each
included in a respective one of the N sets in a staggered arrangenent,
driving the ink chanbers on a tine division basis for each set, and, when

t he anobunt of m salignnent between dot s~r e€or ded by droplets of ink ejected
fromink nozzles of a set of ink chanbers 10 in a reference head of the
heads and dots recorded by droplets of ink ejected fromink nozzles of each
set of ink chafR§rding mediHeMINERRs TMIT 1HOT Haridiag rdgd idkceeds
one-half of a daot pitch in the sub-scanning directjon, changi ng the order
in which the s&thamjiersofiach hdrinlgrietyhepsds At & @i vi si on

basis to reduce, the anount of nisalugnnent of(ﬁgts el Qqw one-hal f. of the
dot pitch in t " SERS Gy F RS b eHhisd tlﬁ'ﬁglugﬂn&/v?"ﬁriyg T error

between printed dots in the b-scanni.ng directi Q_he corrected 20

t hrough sinple tcﬁb?m%%’diqs#aoqfaﬂg o’b‘]‘]égi%”e?rﬁf é’%&tﬁé@%? gf“bt%ée’ invention
will be set forth,in the description which fallo ndj n rt, will be
obvi ous fromt r?eacd'éslcr}clr-lplfcgeoci,”bra r?ﬁ%/s%eecﬁlevaer neg \lIS\),;f ﬁ?‘gctl\fl (?(?R_: f *he

I nvention. The ohj.ects 25 and advant ages. of ,the .i pvent | b
realized and op:ﬁ?ﬁﬁ?ﬁ%%?nﬁﬁﬁ??ﬁeW %Fﬁﬁ%ﬁ?ﬁﬁ§%€g1|ff%%%gﬁﬂ&%3%%¥ﬁb%'tions
particularly podir}&c_ﬁchﬂ}{[sih:ﬁ{ %e{?{é ®or each set, and, when the amount

of misalignment between dots recorded by droplets of
ink ejected from ink nozzles of a set of ink chambers

10 in a reference head of the heads and dots recorded by
droplets of ink ejected from ink nozzles of each set of
ink chambers in the other heads than the reference head
exceeds one-half of a dot pitch in the sub-scanning
direction, changing the order in which the sets of ink

15 chambers are driven on a time division basis to reduce
the amount of misalignment of dots below one-hélf of
the dot pitch in the sub-scanning direction.

This method allows alignment error between printed
dots in the sub-scanning direction to be corrected

20 through simple control.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may
be learned by practice of the invention. The objects

25 and advantages of the invention may be reaiized and
obtained by means of the instrumentalities and combina-

tions particularly pointed out hereinafter..



-5- BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng
drawi ngs, which are incorporated in and constitute a part of the
specification, illust- rate presently preferred enbodi nents of the

i nvention, 5 and together with the general description given above and
the detailed description of the preferred gnbodi - nents given bel ow, serve
to explain the principles of-the invention?” FIG 1 is a schematic
representation of a print 10 head assenbly according to a first

orint head assenBRYEEGRGCRAVERAN G BiE sEVERaRPLRASr O, SERehR ey Ehel
nozzl es of each 15 ink jet head in the first, enbodinent: FIGS. ., 4A, 4B
and 4C show drive vo'Ilirleagaec B err}g?hewqﬁr@ta]é%blo%?%%%?]faﬁ% 5

IS:P(C);\QB g,rAl gﬁlgdG%qj{s?\aon?éo{h%teei%a!oetsa irbﬁaﬁedé]iér}{sﬁe g«?r%%gdﬁ%@gr}?g%gc%g%%_ after
A v L R A L R e RS S
FIG 8 shpws an,|{kdqdtHG2q:4H USe Ydidtidl idbdd¥iption given above
and the detailed description'of the preferred embodi-
ments given below, serve to explain the prihciples of
the invention.
FIG. 1 is a schematic representation of a print

10 head assembly according to a first embodiment of the
present invention;

FIG. 2 is a perspective view of the print head
assembly shown in FIG. 1;
FIG. 3 shows an arrangement of ink nozzles of each

15 ink jet head in the first embodiment;

FIGS. 4A, 4B and 4C show drive voltage waveforms
used in the first embodiment;

FIG. 5 shows printed dots by the ink jet heads in
the first embodiment;

20 .FIGS. 6A and 6B show printed dots in the first
embodiment before and after correction of alignment
error;

FIGS. 7A and 7B show printed dots in the first
embodiment before and after correction of alignment

25 error;

FIG. 8 shows an ink jet head driver ci;cuit in the

first embodiment;



first enbodi nent; -6- FIGS. 9A and 9B are diagrans for use in

expl anation of nethods of neasuring the anount L of m salignnment between
dot arrangenents in the first enbodi nent; 5 FIG 10 shows an ink
jet head driver circuit in a second enbodi nent of the present invention;
FIG 11 shows an arrangenent of printed dot data in the second enbodi nent;
FI GS. 12A through 12F show a rel ationship between 10 driving timng and
printed dot data in the second enbodi ment; FIGS. 13A through 13F show

anot her rel ationshi p_between driving tininagand pfinted dot data in the
second enbodi ment; 1BIGS. 9A ang) ¥ 3ueALFELANE af PENYRFehY of ink nozzles

of. each ink jet head in a third enbodi pent of the present jnvention; FIGS.
15A t hrough 15ES3RbANFIR %I‘F%w%v%fed?%s%%rdgi%‘? h%m?l}l"ﬁh?dﬁecg odi nent ;
20 FIGS, 16A and 16B show printed dots in fhe third di ment
before and af t ePLEdFHFUIERH RFEWRER 17 nﬁﬁﬁ?n%r$%ﬁ?éF#Q3€ﬁ% ?gggeschenatic
representation of. a ﬁéint.head assenbly according to a fourth enbodi nent of
the 25 pr esEAPOAHIRRYF on: :

5 FIG. 10 shows an ink jet head driver circuit in
a second embodiment of the present inventioh;'

FIG. 11 shows an arrangement of printed dot data
in the second embodiment;

FIGS. 12A through 12F show a relationship between

16 driving timing and printed dot data in the second
embodiment;

FIGS. 13A through 13F show another relationship
between driving timing and printed dot data in the
second embodiment;

15 FIGC. 14 shows an arrangement of ink nozzles of.
each ink jet head in a third embodiment of the present
invention;

FIGS. 15A through 15E show drive voltage waveforms
used in the third embodiment;

20 FIGS. 16A and 16B show printed dots in the third
embodiment before and after correction of dot alignment
error;

FIG. 17 is a schematic representation of a print
head assembly according to a fourth embodiment of the

25 present invention;

FIG. 18 shows an arrangement of ink nozzles of

each ink jet head in the fourth embodiment of-the .



FIG 18 shows an arrangenent of ink nozzles of each ink jet head in the

fourth enbodi nent of the -7- present invention; FIGS. 19A and 19B show
printed dots in the third enbodi mrent before and after correction of dot
alignment error; 5 FIG 20 is a schematic representation of a

print head assenbly according to a fifth eqboginent of the present

I nvention; FIG 21 shows an arrangenent of 'ink nozzles of each ink jet head
in the fifth enbodi ment; 10 FIG 22 is a schematic representation
of a print head asseqply according to a sixth enbodi nent of the present
invention; FI GPZ8 Yhowd™ 5 W hgement of ink nozzles of each ink jet head

in the sixth enbodi g, 1P9A %?Crl]gl BFél%w%xhjr%t&iS&@@mljxctlﬁgf%ﬁfﬁat ation

of a print head asse y  accor 0 a se enbodi ment o € present

of = print SERALR ehodel rerl? 61" |
| n"each of o BN ST Re AP At fn ¥ SO¥ A Ha e G

26B show anot hel..copf i guration of the ink jet head used in each of the
embodi ments of the present invention; FIGS. 27A and 27B show still anot her

configuration FIG. 20 is a schematic representation of a print
head assembly according to a fifth embodiment of the
present invention; '

FIG. 21 shows an arrangement of ink nozzles of
-each ink jet head.in the fifth embodiment;

10 FIG. 22 is a schematic representation of a print
head assembly according to a sixth embodiment of the
present invention;

FIG. 23 shows an arrangement of ink nozzles of
each ink jet head in the sixth embodiment; .

15 FIG. 24 is a schematic representation of a print
head assembly according to a seventh embodiﬁent of -the
present invention;

FIGS. 25A and 25B show a configuration.of the ink
jet head used in each of the embodiments of the present

20 invention;

FIGS. 26A and 26B show another configuration of
the ink jet head used in each of the embodiments of the
present invention;

FIGS. 27A and 27B show still another configuration

25 of the ink jet.head used in each of the embodiments of
the present invention; and

FIG. 28 shows another example of a staggered i



25 of the ink jet head used in each of the enbodi nents of the present

I nvention; and FIG 28 shows anot her exanple of a staggered - 8-
arrangenent of ink nozzles. DETAILED DESCRI PTI ON OF THE | NVENTI ON As shown
in FIG 1, ink jet heads 1 and 2, each with a | arge nunber of ink chanbers,
are fixed with 5 adhesive to both sideg of a substrate 3 which are
parallel to each other to thereby formone recordi ng head assenbly. The ink
jet heads 1 and 2 and the substrate 3 are of such configuration as show in
FIG 2. 10

[ heads 1 and 2 each with a | arge
nunber of |nk:c%ﬁﬁ&ﬁ§% eﬁt ?IXE rqlcg%%gérespectlve sides of the substrate
3. Ink supply tubes |a aBE$3§L§benﬁgeﬁ§§&e6Nt@FttﬁEl@kvzﬁtzbﬁads 1 and 2,

respectively. 15 ortions o he 1nk jet heads 1 and 2 are

respectively nounted §O§Qﬁ&ﬁoiﬁ #ﬁGang 2§nwnigkvﬁg§&gc¥ﬂgﬁ§ 4¢ @dh 2c are

connect ed respectlv roug ese Cables the ink jet heads 1 and 2 are

supplied with dgjue avoih AeSnufbdprot eink SRSt RARETE Bedlrith a

recording medium As own in FIG 3, the ink jet heads 1 and 2 are formed

with ink 9102z| esdids iwe 4% botRNEi&dstef 58, s@setrons resyioit ngrd 0 a
respective one of the ink

parallel to each other to thereby form one recording
head assembly. |

The ink jet heads 1 and 2 and the substrate 3 are
of such configuration as show in FIG. 2. |

10 That is, the ink jet heads 1 and 2 each with
a large number of ink chambers are fixed to the
respective sides of the substrate 3.

Ink supply tubes la and 2a are connected to the
ink jet heads 1 and 2, respectively.

15 To portions of the ink jet heads 1 and 2 are
respectively mounted connectors 1b and 2b with which
cables 1lc and 2c are connected respectively. Through
these cables the ink jet heads 1 and 2 are éupplied |
with drive voltages. P denotes a sheet of paper as

20 a recording medium. |

As shown in FIG. 3, the ink jet heads 1 and 2 are
formed with ink nozzles 41 to 49, - and 51 to 59,
each corresponding to a respective one of the ink
chambers. These ink nozzles are placed in a staggered

25 arrangement for every three nozzles. That is, these
ink nozzles 41 to 49, ‘- of the ink jet head 1 are

arranged at regular intervals of pitch 2P in the main



chanbers. These ink nozzles are placed in a staggered 25 arr angemnent
for every three nozzles. That is, these ink nozzles 41 to 49, of the ink
jet head 1 are arranged at regular intervals of pitch 2P in the nmain -9-
scanning direction perpendicular to the direction of novenent of the
recording medi umindicated by an arrow. Ln ghe_ink jet head 1, the ink

chanbers are divided into three sets each including every third head. 5
That is, the ink nozzles 41, 44, 47, etc. forma first set. The nozzles 42,

45, 48, etc. for . an . farma
third set. The in a%r@'g%oe@wér}%ttlf} %fyb%é{géﬂfr?ﬁ:t ﬁ:e% ftﬁlgstd%%gt&ttlgcnv\ho%h
reference is ma r | < I ; Nyl I , 45,
48, etc. in theqrgoe\;(%% sé)tafng%ceé ?rércg)r#éiel %oﬁ%éiﬁ%el%%megh hll-;;%offseo Tom
the line la by given qjt | anydg; Al raedd | ich the
recordi ng nmedi um t ravlg% S%Thqed]?n‘t&ﬁozz e:f,4§{ﬂé;%;rg£9, el}%}él nrhft,%le third set

are arranged on fJidR it itHrel sets ldacH lisRlJdioy Te'%%ﬂgj il eddie

pitch Din the sub- scanning direction. In the ink jet head 2-as well, the-
i nk chanbey s ar eritviided Uny Gl RE: 29&IsS 4aach 4 nAlydigie: .e\RIvh thifid-diead.
That is, the ink nozzles 51, 54, 57, etc. forma 20 first set. The

nozzles 52, 55, &, etfhe MYFBIessAXNASSLt48 artd.heorerd eedohd et 59,
etc. forma third set. Each of the nozzles 51 to 59, etc. in the ink jet
and the nozzles 43, 46, 49, etc. form a third,set.. The
ink nozzles 41, 44, 47, etc. in the first set to which
reférence is made are arranged on a line la. The ink
10 nozzles 42, 45, 48, etc. in the second set are arranged
on a line 1b which is offset from the line la by given
pitch D in the sub-scanning direction in which the
recording medium travels. The ink nozzles 43, 46, 49,
etc. in the third set are arranged on a line 1lc which
15 is offset from the line 1lb by the pitch D in the sub-
scanning direction. |
In the ink jet head 2 as well, the ink chambers
are divided into three sets each including every third
head. That is, the ink nozzles 51, 54, 57, etc. form a
20 first set. The nozzles 52, 55, 58, etc. form a second
set, and the nozzles 53, 56, 59, etc. form é fhird set.
Each of the nozzles 51 to 59, etc. in the ink jet
header 2, which are arranged at regular intervals of
pitch 2P in the main scanning direction, is offset from
25 a corresponding one of the nozzles 41 to 49, etc. by

pitch P in the main scanning direction. The ink

nozzles 51, 54, 57, etc. in the first set are érranged



header 2, which are arranged at regular intervals of pitch 2P in the main

scanning direction, is offset from 25 a correspondi ng one of the
nozzles 41 to 49, etc. by pitch Pin the main scanning direction. The ink
nozzles 51, 54, 57, etc. in the first set are arranged - 10 - on a line

2a which is spaced apart fromthe referencg,line |a by distance d in the
sub-scanning direction. The ink nozzles 52,°55, 58, etc. in the second set .
are arranged on a line 2b which is offset fromthe line 5 2a by given

itch Din th b- [ ' tion. The.ink | 3, 56, 59 tc. |
ItOIheCt hi r:jnset eaéfrg %? gﬂ%g@goﬂggcci%n%a%eﬁi l:"PP?rsOZ ]?%Zttﬁﬁ o’?‘ﬁq?fée‘?cf%eCZbl lr)]y

the pitch D i - ' ' tion. The ink jet h d 2
e P roh D bl S Al 8t ofve T LG S Sefiedepnd 2 are
i nk chanbers atTﬁ@eir‘i}#r@ézi_g@é tC%%’ei n‘i’nj %% ,GsetcA'A’ rgﬁi}gécl\gs%%né hﬁL(]eSt paerrf orm ng

t hree- phase driving. That 1s, head 1" €9 nk nozzT es 41,
44, 47, etc. ongthe ddd tp; ' p et ' | 15
shown in FIG A4A thée ng‘;lé?aespjﬂrgé, %E%ﬁ%ﬂe%%.é%%et%%ﬁeéﬁ #ioﬁ]%roj ect
droplets of inkygtpy heiJAB SHMD | h Rie 4B-auh it paadasids: 46, 49,
etc. on the line Ici;[%lprrgf%ct droplets of 1nk at thfagurne_*C??%o‘é%)n3 in FIG

4C. The ink jetpleathi RbioNss the, 19K nOFzl©s: Slin 3Ge thid st £L&- ON
the line 2a to project droplets of ink at’the tinme shown in FIG 4A the
nozzl es 52, 55,al5fanged on a line 2c which is offset from the line 2b
by the pitch D in the sub-scanning direction..
The ink jet heads 1 and 2 are each arranged to
10 provide drive voltage waveforms to their respective ink
chambers at the times indicated in FIGS. 4A, 4B and 4C,
thus performing three-phase driving. That is, the ink
jet head 1 allows the ink nozzles 41, 44, 47, etc. on
the line la to project droplets of ink at the time
15 shown in FIG. 4A, the nozzles 42, 45, 48, etc. on the
line 1lb to project droplets of ink at the time shown in
FIG. 4B, and the nozzles 43, 46, 49, etc. on the line
lc to project droplets of ink at the time shown in
FIG. 4C. The ink jet head 2 allows the ink_nézzles 51,
20 54, 57, etc. on the line 2a to project droplets of ink
at the time shown in FIG. 4A, the nozzles 52, 55, 58,
etc. on the line 2b to project droplets of ink at the
time shown in FIG. 4B, and the nozzles 53, 56, 59, etc.
on the line 2c to project droplets of ink at the time
25 shown in FIG. 4C.
Thus, when a line of printing is made with the

recording head, the ink jet head 1 first prints dots nl,



etc. on the line 2b to project droplets of ink at the tine shown in FIG
4B, and the nozzles 53, 56, 59, etc. on the |line 2c to project droplets of

ink at the time 25 shown in FIG 4C. Thus, when a line of printing is
made with the recording head, the ink jet head 1 first prints dots nl,
n2, n3, n4, shown in FIG 5 trough the Hhrge-phase driving and the ink
jet head 2 then prints dots ml, n2, nB, n&] t hrough the three-phase

driving, so that one line can be printed at dot pitch Pin the main

scanni ng 5 ﬁﬁf%Eiiggy .Th Eo%ﬁ!ihhﬁleksjggfpgﬁdﬁhé @ﬂgegha AiLe each

having a dot pitch of in the mai N scanni ng ctron, Ttah e printing

i h d bt | F | 1 i | d
at twice the rqﬁolﬁdgo%égg;tq{%ﬂl?gg j@ﬁ;: e%%gf}g@{} %%d_n 5 g <ShAc! Mg

between the lines laa i s set sdc

=n X 3D (”i55ﬁB}Nﬁﬂ}LvethEBG@ﬁfihet@ﬁ?e@-gﬁsséiHgipihgzégﬁthégeoHSag 1

can be superinposed upon a dot "line by the head 2 becau etimng o
application of LR ddnde’ Yrliddes FOWbY HilcESe 48 thB A r*Sc@nfiing

determ ned based on 15 the pitch Din"the sub-scanning direction.” In

this case, therdideedi®omr ol HOWaMRY ,idk) jRtatidaed T s@ld @NMesml 1eccur
bet ween dot lines by the heads 1 and 2 due to irregularities in the

t hi ckness of t haaculfvialee a3 dvtd/paredihe Adresinve Hea@lin 4@anning The
difference (d - n X 3D) is classified into the follow ng three ranges:
direction, can make printing at twice the resolution
determined by that dot pitch.
If the spacing d between the lines la and 2a of
10 the heads 1 and 2 is set such that d = n X 3D (n is a
positive integer), then a dot line printed by the head
1 can be superimposed upon a dot line by the head 2
because the timing of application df the drive voltages
shown in FIGS. 4A, 4B and 4C are determined based on
15 the pitch D in the sub-scanning direction. In.this
case, there is no problem. However, in pra;tice
misalignment occur between dot lines by the heads 1
and 2 due to irregularities in the thickness of the
substrate 3 and/or the adhesive layer.
20 The difference (d - n X 3D) is classified into the

following three ranges:

-D/6 = d - n X 3D < D/6 (1)
D/6 = d - n X 3D < 3D/6 .(2)
3D/6 = d - n X 3D < 5D/6 | (3)
25 The difference (d - n 3D) in the range‘definedlby

(1) is within the normal range of error accepted when

dots are printed by the ink jet heads alone. In this



-D6 <d- n X3D< D6 (1) D6 <d- n X3D< 3D6
(2) 3DD6 <d - n X3D< 5D6 " (3) 25 The
difference (d - n 3D) in the range defined by (1) is within the nornal
range of error accepted when dots are printed by the ink jet heads al one.
In this - 12 - case, printing can be mede at the predetermned tines.
However, when the difference is in the range defined by (2) or (3), sone
corrections are required because it is outside the normal range of error. 5

- For exanple, when the diff.erence i.s in the r e defined by (2)..
mi sal i gnment  t AR pIRECR ISR £ a{?q’c(iﬁlg%the cﬁred%e’i serﬁ'fl,néré,ﬁlﬁ%%s n4,

printed by the Jead, 4. and an A1 ANGEIENA QL AOLS, Mine Mo B qdFsndl iy €0 bY

the head 2 as sho o'elim thi's

cal | M . . / . ) 44 4T
oo onthe 11 ) S ORI Hrd Ved e Qo Mgl s 47
the line 2b of &d'{?sﬂfeaq:h?e #ﬁj&gfog%t al té‘fr(;'.rre shown in FIG 4A, the

i nk projecting operation o i nk nozzles 42, 45, 48, etc. on the

line 1b of the head goand ddie1d NkehOFZERE IBfrSfendd i£len O thgndd ne 2¢
of the head 2 is perforned at the tinme showm in FIG 4B, and the ink

Phe) et S5 IO ) e OrEL S, S0 SR A0S 15
arrangement of dots nl, n2, n3, n4, ' printed by the
head 1 and an arrangement of dots ml, m2, m3, m4, -
printed by the head 2 as shown in FIG. 6A.

10 To eliminate this misalignment, the ink projecting
operation of the ink nozzles 41, 44, 47, etc. on the
line la of the head 1 and the ink nozzles 52,'55, 58,
etc. on the line 2b of the head 2 is performed at the
time shown in FIG. 4A, the ink projecting operation of

15 the ink nozzles 42, 45, 48, etc. on the line 1b of the
head 1 and the ink nozzles 53, 56, 59, etc. on the line
2c of the head 2 is performed at the time shown in
FIG. 4B, and the ink projecting operation of the ink
nozzles 43, 46, 49, etc. on the line 1lc of the head 1

20 and the ink nozzles 51, 54, 57, etc. on fhe line 2a of
the head 2 is performed at the time shown in FIG. 4C.
That is, the timing of projecting of ink from the ink
nozzles on the respectivé lines 2a, 2b and 2c of the
ink jet head 2 is changed. By such control, the

25 misalignment between the arrangement of dots nl, n2, n3,
nd, etc. and the arrangement of dots ml, m2, m3, m4,

etc. is corrected for as shown in FIG. 6B.



the head 2 is perfornmed at the tinme shown in FIG 4C. That is, the timng
of projecting of ink fromthe ink nozzles on the respective lines 2a, 2b
and 2c of the ink jet head 2 is changed. By such control, the 25
m sal i gnment between the arrangenment of dots nl, n2, n3, n4, etc. and the
arrangenment of dots m, n2, nB, nm4, etc. i, carrected for as shown in FIG
6B. - 13 - Wien the difference is in the range defined by (3), greater
nisalignnent t akes pl ace between the arrange- nment of dots nl, n2, n3,

. printed by th%qhea

d by 1 nain e RS AW AR W e ste® dlesdly B (Y7

prlnte 5 y t e 0]

ctor on the |1 it MR AleE hiled Berutaiite, §§r§ége‘e‘?c o

the line 2c of é}ﬁ: Qic?té sh:perr{% rp;3d q{4the égﬁateﬂ ?ﬁtéﬁgoﬂé‘aéinl':' G 4A,
e ,

t he ink prOJectlng operation of |nk nozzl e etc. on the

line | b of the m*’f%?n%#'nfe“‘%%t. rre % 2 é@, ?nt4c ?I%bﬁtéﬁne 2a

of the head 2 is pe own ‘i n Fl ‘4B, an eln

projecting operngat ik Hedd® 4K ditown lrpqzlzd ex43, 46, 49, etc. on the line
1c of the head and the ink nozzles 52, 55, 58, etc. on the line 2b of the

head 2 is performed ¢f dhgnihdEe Shovl hisdl Gnrdat ,Thate iink 1@ flddBingy of
projecting of ink fromthe ink nozzles on the respectlve i nes 2a 2b and
2c of the operation of the ink nozzles 41, 44, 47, etc. on the
line la of the head 1 and the ink nozzles 53,'56, 59,
etc. on the line 2c of the head 2 is performed at the
10 time shown in FIG. 4A, the ink projecting opeiation of
the ink nozzles 42, 45, 48, etc. on the line 1b of the
head 1 and the ink nozzles 51, 54, 57, etc. on the line
2a of the head 2 is performed at the time shown in
FIG. 4B, and the ink projecting operation of the ink
15 nozzles 43, 46, 49, etc. on the line lc of the head 1
and the ink nozzles 52, 55, 58, etc. on the line 2b of
the head 2 is performed at the time shown in FIG. 4C.
That is, the timing of projecting of ink from the ink
nozzles on the respective lines 2a, 2b and ZC.Of the
20 ink jet head 2 is changed. By such control, the
misalignment between the arrangement of dots nl, n2, n3,
n4, etc. and the arrangement of dots ml, m2, m3, m4,
etc. is corrected for as shown in FIG. 7B.
A head driving method that allows the timing of
25 the projecting of ink to be changed in the manner
described above can be implemented by a drive circuit

shown in FIG., 8.



20 ink jet head 2 is changed. By such control, the m salignnent
bet ween the arrangenent of dots nl, n2, n3, n4, etc. and the arrangenent of
dots m, n2, nB, m4, etc. is corrected for as showmm in FIG 7B. A head

driving nethod that allows the timng of 25 the projecting of ink to be
changed in the manner described above can fg inplenented by a drive circuit
shown in FIG 8. - 14 - Inthis drive circuit, electrodes for applying

vol tages to ink chanbers 111, 112, 113, 114, 115, 116, in the ink jet head
1 are connected to grpuigdd hy @fﬁé@&;%i&@@fo%@é,f&#ﬁéggén 24, 125,

126, , 5 respectively. The electrodes for applying vo o the ink

chambers 111, Jitagese® ARAA Mdnbdhe 11k, nprzl esi #1174, .115ar{amged on
the line la of the ink jet head 1 are connected to a fine 31 t hr ough anal og

switches 131, 134jin, thespakt H¥el headlhe a8t EoraRE 0 ol §round@RINSGURG
voltages to the ink chanbers 112, 115, equi pped with the i nk nozzl es 42,

45, arrangedmldohewitetddd 1f1 f 22 pk12®e; head oy eizppnected to a
line 31 through anal og switches 132 135, , respectively. The el ectrodes
for appl $i ng vadsages ivelyhe iThe Hlectradedbess dd@lyildd . voltaghs pped with
t he i nk nozzles 43, 46, arranged on the line 1c of the .ink jet head 1

are connect ed tthea inknehahiddy=ougit aneldg swielaligpeBiith3Ghe dskect i vel vy.
nozzles 41, 44, ‘- arranged on the line la of the ink
jet head 1 are connected to a line 31 through analog
switches 131, 134, ‘-, respectively. The electrodes for
10 applying voltages.to the ink chambers 112, 115, -
equipped with the ink nozzles 42, 45, :-* arranged on the
line 1b of the ink jet head 1 are connected to a line
31 through analog switches 132 135, -, respectively.
The electrodes for applying voltages to the. ink
15 chambers 113, 116, ‘- equipped with the ink nﬁzzleé 43,
46, - arranged on the line lc of the ink jet head 1 are
connected to a line 33 through analog switches 133, 136,
-+, respectively.
Electrodes for applying voltages to ink chambers
20 211, 212, 213, 214, 215, -- in the ink jet head 2 are
connected to ground through analog switches 221, 222,
223, 224, 225, :+, respectively. The electrodes for
applying voltages to the ink chambers 211, 214,
equipped with the ink nozzles 51, 54, - arranged on the
25 line 2a of the ink jet head 2 are connected to a line
34 through analog switches 231, 234, ', respéctivély.

The electrodes for applying voltages to the ink



El ectrodes for applying voltages to ink chanbers 20 211, 212, 213, 214,
215, in the ink jet head 2 are connected to ground through anal og

sw tches 221, 222, 223, 224, 225, , respectively. The electrodes for
applying voltages to the ink chanbers 211, 214,... equipped with the ink
nozzles 51, 54,... arranged on the 25 _ {d4ne 2a of the ink jet head 2 are
connected to a line 34 through anal og switches 231, 234,..., respectively.
The el ectrodes for applying voltages to the ink - 15 - chanbers 212,

215, . . . equi pped Wi Ak 1 NS 4 Nk ﬂ%ZZLesaea%l’iﬁ%%gswitW rtﬂ@g?ﬂkoﬂgtzr%ielsi g 2b of

the ink jet head 2 are conrected to fhriough anal og swtched 232,

235, ... respecid velyarThggehenhr 0fes ifle BBPLY B9eVIhiaget fead of Grkhe

i nk chanbers 213, equi pped wth the ink nozzles 5 arranged on the

line 2c of the didinddled@df £ Bfe CENNGEESLHE Qrthld &G dHEL U, and g

swi t ches 233, , respectively. The line 31" is connected to a waveform

generator 10 ... 3fckpecenangli negnkhe1dcitredéel Fage applofiagmveiewyesn FI G
4A and to each o( firgt terni%als 40a, 4la and 42a ofpge?ectors 4%% 41 and

42. The 19 ne 32Xd stimoningc ictthribe s VIEVES OF MegRAghakiowidd tee gemerating the
drive voltage waveform shown in FIG 4B and to each of second 15

terminal s 40b, rdielssl ¥2b -of akrrangekdeonorthedQinél 2andf42he Thé ljiete 33 is
connected to a waveform generator 39 for generating the drive voltage
wavef orm shown head 2 are connected to a line 36 through analog
switches 233, ‘-, respectively.
The line 31 is connected to a waveform generator
10 37 for generating the drive voltage waveforﬁ éhown in
FIG. 4A and to each of first terminals 40a, 41a and 42a
of selectors 40, 41 and 42. The line 32 is connected
to a waveform generator 38 for generating the drive
voltage waveform shown in FIG. 4B and to eacﬁ of second
15 terminals 40b, 41b and 42b of the selectors 40, 41 and
42. The line 33 is connected to a waveform geherator
39 for generating the drive voltage waveform shown in
FIG. 4C and to each of third terminals 40c,. 41c and 42c
of the selectors 40, 41 and 42. | .
20 The line 34 is connected to the common terminal
of the selector 40. The line 35 is connected to the
common terminal of the selector 41. The line 36 is
connected to the common terminal of the selector 42.
Based on data to be printed from a printing data
25 output circuit 43, the head drive circuit selectively

turns on the analog switches 121 to 126 or 221 to 225

to thereby connect the electrodes of the ink chambers



FIG 4C and to each of third termnals 40c, 41c and 42c of the selectors
40, 41 and 42. 20 The line 34 is connected to the comon term na
of the selector 40. The line 35 is connected to the commpn term nal of the
selector 41. The line 36 is connected to the commpn term nal of the

sel ector 42. Based on data to be printed frgom.a printing data 25 out put
circuit 43, the head drive circuit selectively turns on the anal og swi tches
121 to 126 or 221 to 225 to thereby connect the electrodes of the ink

chanbers - - iﬁ%ga . ] | i el rhed- al o
switches to gréa%nsd?@l ter(;‘le'}altef'fi}/\(Ia{dl%/é,1 s{%}%i‘?a‘%qé}r ?f\?lé%ce}d%g& %nse %(;t [ vgl y turns
on the anal og sididiess K3 Jioukith 0a At 11,0 sl S8Rk i vely

apply the 5 drive vol tdage waveform shown in"FIG 4A, 4B or 4C to each

of the el ectrodesrdfit R lidde Gharpeans s Ot e dnally ha txalaactiel y
turned-on anal og swtches. Wen the analog switches I31 to 135 or 231 to

235 are sel ectinel M3@dveIB1 AP 3B scPfclidite edllRitdsleasy fdpgpnlGhe the
nozzl es of the corresponding ink chanbers. The sel ective application of the

drive voldt age winvisfeorvdlitadd GavifiorB sHowiC iftr0 raach 40f, ulee dmkicchanber
el ectrodes is performed through the selectors 40, 41, and 42. That is, when
the difference dath of the eléiYrdded rof hehe dnge cefibeed kisgcbiatde

sel ector 40 selects the drive voltage waveform fromthe wavef orm
with the selectively turned-on analog switches.
When the analog switches 131 to 135 or 231 to 235 are
selectively driven, droplets of ink are projected from
10 the nozzles of the corresponding ink chambers.

The selective application of the drive voltage
wa&eform in FIG. 4A, 4B or 4C to each of the ink
chamber electrodes is performed through the selectors
40, 41, and 42. That is, when the difference (d - n

15 3D) is in the range defined by (1), the selector 40
selects the drive voltage waveform from the waveform
generator 37 and outputs it onto the line 34.f The
selector 41 selects the drive voltage waveform from
the waveform generator 38 and outputs it onto the

20 line 35. The selector 42 selects the drive voltage
waveform from the waveform generator 39 and outputs it
onto the line 36.

When the difference (d - n 3D) is in the range
defined by (2), the selector 40 selects the drive

25 voltage waveform from the waveform generator 38 and

outputs it onto the line 34. The selector 41.selects

the drive voltage waveform from the waveform generator



generator 37 and outputs it onto the line 34. The selector 41 selects the
drive voltage waveform fromthe waveform generator 38 and outputs it onto
t he 20 line 35. The selector 42 selects the drive voltage waveform
fromthe wavef orm generator 39 and outputs it onto the line 36. Wen the
difference (d - n 3D) is in the range defiypedby (2), the selector 40
selects the drive 25 vol tage waveform from the waveform generator 38
and outputs it onto the line 34. The selector 41 selects the drive voltage

waveform from the yeyelOfpeeNet o the Uk ne39.3sa”d T l%‘étl%dttoror&tzo the

line 35. The selector 42 selects the drive voltage waveform from:t

wavef or m gener a§8ledts art Gt R Syd 1t L8 Qd N dri & 3k t%e%a%@%oci’nf f erence
(d - n3D isin the range 5 defined by (3), the selector 40 selects

the drive vol ta@@né@d@cﬁ@rmfamnéﬁ@wweif@rdn&ﬁweatl%é%eand outputs it
onto the Iine 34. The selector 41 selects the drive voltage waveform from

the wavef orm gener at Whed 7t R dd DEf Priérice t (DN  t31)) lisna@mBdThelhaarsgd ector 42
10 sel ects the drive voltage waveform fromthe wavef orm generator 38

and outpuis it defibnédebyi(®) 36chSudlamdy A0 aldlewtst htealdrgRrent error
bet ween dot arrangenents produced by the ink jet heads 1 and 2 in the
sub-scanni ng divertags wavdionorfent ethe Weve fioxm b@neratbhe3®ohnd
m sal i gnment in the sub-scanning direction is
outputs it onto the line 34. The selector 41 selects
the drive voltage waveform from the waveform génerator
37 and outputs it onto the line 35. The selector 42
10 selects the drive voltage waveform from the. waveform
generator 38 and outputs it onto the line 35..
Such control allows the alignment error between
dot arrangements produced by the ink jet heads 1 and 2
in the sub-scanning direction to be corrected. That is,
15 the dot misalignment in the sub-scanning direction is
minimized, allowing high-resolution printing of good
quality. -
A method of detecting the difference (d - n 3D)
involves making printing in a specific pattern for
20 testing as shown in FIG. 9A, observing the result of
printing with a.microscope, and measuring the spacing L
between a line of dots nl, n2, - printed by the ink jet
head 1 and a line of dots ml, m2, '* printed by the ink
jet head 2.
25 Alternatively, as shown in FIG. 9B, a testing

specific pattern having a constant spacing may be

printed and the spacing L between a line of dots ml, m2,



mnimzed, allow ng high-resolution printing of good quality. A method of
detecting the difference (d - n 3D) involves making printing in a specific
pattern for 20 testing as shown in FIG 9A observing the result of
printing with a microscope, and measuring the spacing L between a line of
dots nl, n2, printed by the ink jet beagsl and a line of dots n, _
n2,..printed by the ink jet head 2. 25 Alternatively, as shown in

FIG 9B, a testing specific pattern having a constant spacing may be
- 18 - and the

Checi 1 pat t ori Y DA AEHTA TR DA POELIPSHITHARAC of 1 o

' these 11 gures, 1158 err Sheand, mipRREnERE' BEChneopEosntydnydatidh 1
par s w11 be Gocet REASTRETRE BEch FareERRAL PE"LeBEL R Entrhef 13- (ne
v et embodi ment e s IR L R e e e PO AEGckB at or

51 10 56.5 The dEROFATBRL Ss¥ENELRE TRELEE" 85 Obndde SURPLAES s S dr | ve

vol tage waveformto anal og switches 131, 134, et e programmbl e
wavef or m gener adi@odihnsitPin@Sonly & fFerdRtt feL¥aY el PrHat Qo508 804l 09

sw tches 132, 135, :
In the second embodiment, as shown in FIG. 10, the

waveform generators 37, 38 and 39 and the selgctors.40,
41 and 42 in the first embodiment are replaced witﬁ

10 programmable waveform generators 51 to S56. The
programmable waveform generator 51 supplies'ifs drive
voltage waveform to analog switéhes 131, 134, etc.
The programmable waveform generator 52 supplies its
drive voltage waveform to the analog switches 132, 135,

15 etc. The programmable waveform generator 53 supplies
its drive voltage waveform to the analog switches 133,
136, etc. The programmable waveform generator 54
supplies its drive voltage waveform to the analog
switches 231, 234, etc. The programmable waveform

20 generator 55 supplies its drive voltage waveférm to
the analog switches 232, 235, etc. The programmable
waveform generator 56 supplies its drive voltage
waveform to the analog switches 233, etc.

In this embodiment, the programmable waveform

25 generators 51 to 56 are set in advance to vary the

timing of their respective drive voltage waveform

according to the differences (d - n 3D) defined by (1),



15 etc. The progranmmabl e wavef orm generator 53 supplies its drive

vol tage waveformto the analog switches 133, 136, etc. The progranmabl e
wavef orm generator 54 supplies its drive voltage waveformto the anal og

swi tches 231, 234, etc. The progranmmabl e wavef orm 20 generator 55
supplies its drive voltage waveformto thejgnalog sw tches 232, 235, etc.
The programmabl e waveform generator 56 supplies its drive voltage waveform
to the anal og switches 233, etc. In this enbodi nent, the progranmabl e
wavef orm 25 5 % 5 5. 51 to 56 are set in advance to vary the timng
of their respec e drive’voltage waveform according to the differences (d

- n 3D) defined by (dhe ﬂeasulgmenezbfaQﬂe(ﬁlffgggggggsﬁgeﬁgab oh khe

differences is nmade I1n the sanme manner as descri in connection with

FIGS. 9A and 9Bsame manner asFﬁg%cfibéaoﬂﬁ éenﬁéééﬂgﬁ”§ﬂ£h0§1§§'nbﬁd dot

data, in which dl1, d21, d31, d41, db1l 3, d33,-d43, db3 ,
d15, d25, d35, g4&, 9855, are prlnted by the |nk ] et head 1, and d12

d22, d32, d42, d52, , dl4, d24, d34, d44, d54, , dl16, d26, d36, d46
dse, ase 10 PFIGL ed1bghbhe bAKarehngeadn?. olfnpirintedr doki @atayhen

the difference (d - n 3D) between the dot arrangenent by the ink jet head 1
and the dot arrangenedh &#y1fhe2ipkdpet Head asip t-he ¢udb; d23, d33, d43,

da53, -+, d15, d25, d35, d45, d55, -+ are printed by the

ink jet head 1, and d12, d22, d32, d42, 452, -, dl14,

d24, d34, d44, d54, -+, d16, d26, d36, d46, d56, ' are
10 printed by the ink jet head 2.

In this printing, when the difference.(d - n 3D)
between the dot arrangement by the ink jet head 1 aﬁd
the dot arrangement by the ink jet head 2 in the sub-
scanning direction is related by (2), the head 1 drives

15 the ink chambers 111, 114, ‘- with a drive Qoitage
waveform shown in FIG. 12A, which results in printed
dot data dl11, d21, d31, - as shown in FIG. 12D.

The ink chambers 112, 115, -+ are driven with a drive
voltage waveform shown in FIG. 12B, resulting in

20 printed dot data d13, d23, ‘- as shown in FIG. 12E.
The ink chambers 113, 116, - are driven with é drive
voltage waveform shown in FIG. 12C, resulting in
printed dot data d15, d25, '~ as shown in FIG. 12F.

In contrast, the head 2 drives the ink chambeis

25 212, 215, -+ with a drive voltage waveform shown in
FIG. 13A, which results in printed dot data'dl4, d24,

d34, -~ as shown in FIG. 13E. The ink chambers 213,



scanning direction is related by (2), the head 1 drives 15 the ink
chanbers 111, 114, with a drive voltage waveform shown in FIG 12A
which results in printed dot data dl11, d21, d31, ..as shown in FIG 12D
The ink chanbers 112, 115, are driven with a drive voltage waveform
shown in FIG 12B, resulting in 20 priyged dot data d13, d23, as
shown in FIG 12E. The ink chanbers 113, 116, are driven wwth a drive
vol t age waveform shown in FIG 12C, resulting in printed dot data dl15, d25,

as shown in Fi Garézg'rlxlré'ncvg):[l{: agtaride @gf‘@aﬁ%é\y%frpesﬂ%cmnbers 25

212, 215, .. a drive voltage waveformshown 1n FIG A, which

results in pri nf‘?d dPﬂBdaf@sQﬂ-éflnﬁlzfm PBfnted &St MW 476 Fld36 13E asfhe
i nk chanbers 213, 20 - are diiven with a drive vol tage wavef or m shown

in FIG 13B, re§Hb¢7hnﬂn'F‘I@“D§Pd Ophe dohR Efnbdidb 211 a5 phown. igy-dl G
13F. The ink chanmbers 211, 21 .. are driven with a drive voltage

wavef orm shown §f;i ek wieg. a5dr1ver@él‘té?é\%é\%mﬁrmﬁfbvﬂ?tlr@aﬁ'm dig3zcd22,
d32, .as shown in FIG 13D. Such contr | ows corrections when the'

di fferencs (d -r8s3D}ihg im phentedgeotledavedity, (B2, |d32, si malsarshmnﬂer,
corrections can be nmade when the 10 difference is in the range defined
by (3). Thus, &m F5Gthe3mase with the first enbodi nent, the second
enbodi ment al so allows misalignnment in the sub-scanning
Such control allows corrections when the
difference (d - n 3D) is in the range defined by (2).
In a similar manner, corrections can be made when the
10 difference is in the range defined by (3). Thus, as
is the case with the first embodiment, the éecbnd
embodiment also allows misalignment in the'sub—scanning
direction between dot arrangements produced. by the '
heads 1 and 2 to be corrected. That is, the dot
15 misalignment in the sub-scanning direction is: minimized,
allowing high-resolution printing of good qﬁality.
A third embodiment of the present invention will
be described next with reference to FIGS. 14, 15 and 16.
As shown in FIG. 14, ink jet heads 61 and 62 each
20 with a large number of ink chambers are attached to
both sides of a substrate 63 with adhesive, thus
forming one print head assembly.
The ink jet heads 61 and 62 are provided with ink
nozzles 641 to 6410, -, 651 to 659, ‘- each of which is
25 associated with a respective one of the ink cﬁambers.

These nozzles are placed in a staggered arrangement for

every five nozzles.



di rection between dot arrangenments produced by the heads 1 and 2 to be
corrected. That is, the dot 15 m sal i gnnment in the sub-scanni ng
direction is mnimzed, allow ng high-resolution printing of good quality.
A third enbodi ment of the present invention will be described next with
reference to FIGS. 14, 15 and 16. As showngin FIG 14, ink jet heads 61 and
62 each 20 with a large nunber of ink chanmbers are attached to both
sides of a substrate 63 with adhesive, thus form ng one print head

assenbly. The ink jepplgads G&na%ﬂeGRn@r%e@rﬁghaedlwnEhelmhknaééb@é564l to

6410, ..., 651 to 659,... éach of which is 25 associated w t
respective one gyt kg 5@&oCEégbs&§an5aasstngéahfgraiﬁtekasﬁg be lﬁéaggered
arrangenent for every five nozzles. That is, inthe ink jet head

61, the ink nozabeinGﬁEetﬁaﬁﬁlgcahﬁla@ramgedtabnrpgy andiBuea¥ats ehepitch
2P in the main scanning direction perpendicular to the direction indicated

by an arrow i n dhirebtaochecatdcaged by anediuswnbueshicihhe rekoelanbers are
divided into five sets each including every fifth chanber. That is, the ink

nozzl es 641, 64medéum mboem. a fThestinkethambernoarkediti@ed6ddtoefdtvef orm a
second set. The nozzles 643, 648, etc. forma third set. The nozzl es 644,
649, 10 et csefter prahf ancihdiaty. evélrg fiaftheshédber6410hatet ¢s,f dhe a
fifth set. The ink nozzles 641, 646, etc. in
ink nozzles 641, 646, etc. form a first set. The
nozzles 642, 647, etc. form a second set. 'The nozzles
643, 648, etc. form a third set. The nozzles 644, 649,
10 etc. form a fourth set. The nozzles 645, 6416, etc.
form a fifth set. The ink nozzles 641, 646, etc. in
the first set to which reference is made are arranged
on a line 1ld. The ink nozzles 642, 647, etc. in the
second set are arranged on a line le which is offset
15 from the line 1d by given pitch D in the sub-scanning
direction in which the recording medium travels.
The ink nozzles 643, 648, etc. in the third set are
arranged on a line 1f offset from the line le by the
pitch D in the sub-scanning direction. The ink nozzles
20 644, 649, etc. in the.fourth set are arranged on a line
lg offset from the line 1f by the pitch D in the sub-
scanning direction. The ink nozzles 645, 6410, etc. in
the fifth set are arranged on a line 1lh offseﬁ from the
line 1g by the pitch D in the sub-scanning direction.
25 In the ink jet head 62, each of the nozzles 651 to

659, etc., which are arranged at regular intervals of

pitch 2P in the main scanning direction, is offset from



the first set to which reference is nade are arranged on a |line 1d. The ink
nozzl es 642, 647, etc. in the second set are arranged on a line le which is
of fset 15 fromthe line 1d by given pitch D in the sub-scanning
direction in which the recording mediumtravels. The ink nozzles 643, 648,
etc. in the third set are arranged on a-lipg 1f offset fromthe line |e by
the pitch Din the sub-scanning direction. The ink nozzles 20 644, 649,
etc. in the fourth set are arranged on a line 1g offset fromthe line 1f by

the pitch D in §heospbspssa@liyNndi & 8Cth@NnoIheek NKa 10Z3! £89 6486410, etc.
in the fifth set are arranged on a line 1h offset fromthe [ine 1g by the

pitch Din the sicrcanDh Nghdi h&Ch! 8FanRPng directiohN tHRel Dkkj et head 62,
each of the nozzles 651 to 659, etc., MhIC% are arranged at regul ar

interval s of pi¢RamBErs natded RidedCanbbngider 86ts 0Ofachsiftéfs@ingrom -
22 - a correspondi ng one of the nozzles 641 to 649, etc. by pitch Pin the

mai n scanni ng deveeyi PhftHhehambeghanbrss 8sp chyi ded heio1ésVvesspt 666ach
i ncluding every fifth chanber. That is, the ink nozzles 651, 666, 5

etc. fornmsa firstcseform Thef hoge! @st 652Thé5dozeles §92 M e5Pecovd. sebrmThe
nozzl es 653, 658, etc. forma third set. The nozzles 654, 659, etc. forma
fourth set. Theanseedtmd H565, cThe fiozalasf658h 688, dbe. i fHdrmoaztksr851,
656, etc. in the first set to which 10 reference is nade are arranged
on a line 2d of$set fThennozzles 654, 659, etc. form a fourth set.
The nozzles 655, etc. form a fifth set. The ink
nozzles 651, 656, etc. in the first set to which
10 reference is made are arranged on a line 2d.offset-from
the reference line 1d by distance d in the sub-scanning
direction. The ink nozzles 652, 657, etc. in:the
second set are arranged on a line 2e offset from the
line 2d by given pitch D in the sub-scanning direction
15 in which the recording medium travels. The ink nozzles
653, 658, etc. in the third set are arranged on a line
2f offset from the line 2e by the pitch D in the sub-
scanning direction. The ink nozzles 654, 659, etc.
in the fourth set are arranged on a line 2g offset
20 from the line 2f by the pitch D in the sub-scanning
direction. The ink nozzles 655, etc. in thé fifth set
are arranged on a line 2h offset from the line 2g by
the pitch D in the sub-scanning direction.
The ink jet heads 61 and 62 are each arranged to
25 provide drive voltage waveforms to their respective ink

chambers at the times indicated in FIGS. 15A to 15F,

thus performing five-phase driving. That is, the ink



the reference line Id by distance d in the sub-scanning direction. The ink
nozzl es 652, 657, etc. in the second set are arranged on a line 2e offset
fromthe line 2d by given pitch D in the sub-scanning direction 15  in
which the recording mediumtravels. The ink nozzles 653, 658, etc. in the
third set are arranged on a line 2f offset,gromthe line 2e by the pitch D
in the sub- scanning direction. The ink nozzles 654, 659, etc. in the
fourth set are arranged on a |ine 2g offset 20 fromthe line 2f by the

. 6 th
i set are ol Bheed Bhia PHe ShOo: PROENPr GHREndc PhotBs Byadnlpi ten b
e pe Scan&ll&lgtﬁjér d‘E Xg ZZ]ng ?E Jggshe gé GOPOQEE iflare §e8 ive ink

arranged to 25 provi rrve vo afe maﬁe or fre

chanbers at thetﬂérﬁéﬁ#r§%C@{édaifoiééfkolgggﬁQCESE bg%ﬁ pﬁﬁggﬁetg

five-phase driving. T s, thein NnozZz on the

line 1d of the fgad: flednfhd st HZ§#§§ @?%a. Eﬁ g#ﬁenggzigg.kgge 2d of

the head 62 are allowed to project droplets o I nes”i ndi €at ed

in FIG IHA. Trmvpkewzzéﬁsf;}whée le §ﬂ7th§tﬁea?”6ih§n5'?ﬁel gnpf the
head 61 and the ink nozzles 652, 657, etc. on the [ine the head 62

proj ect dropl etopildks5e, ts7 | i aes. | o6 eAbedihe ThGorlbRe ff Sd' gg nozzl es
643, 648, etc. on the line if of the head 61 and the ink nozz 3, 658,
etc on project droplets of ink at the times indicated in
FIG. 15B. The ink nozzles 643, 648, etc. én the line
1f of the head 61 and the ink nozzles 653, 658, etc; on
10 the line 2f of the head 62 project droplets of ink'at
the times indicated in FIG. 15C. The ink nozzles 644,
649, etc. on the line 1g of the head 61 and'the ink
nozzles 654, 659, etc. on the line 2g of the head 62
project droplets of ink at the times indicated in
15 FIG. 15D. The ink nozzles 645, 6410, etc. on the line
l1h of the head 61 and the ink nozzles 655, etc. on the
line 2h of the head 62 project droplets of ink at the
times indicated in FIG. 15E.
Thus, when a line of printing is made with the
20 recording head, the ink jet head 61 prints dots nl, n2,
n3, n4, - as in FIG. 5 trough the three~phasé'dri§ing
and the ink jet head 62 prints dots ml, m2, m3, m4,
through the three-phase driving, so that one line
can be printed at dot pitch P in the main scanning
25 direction. That is, the ink jet heads 61 and 62, while
each having a dot pitch of 2P in the main scanning

direction, can make printing at twice the resolution



10 the line 2f of the head 62 project droplets of ink at the tines
indicated in FIG 15C. The ink nozzles 644, 649, etc. on the line 1g of the
head 61 and the ink nozzles 654, 659, etc. on the line 2g of the head 62
project droplets of ink at the times indicated in 15 FIG 15D. The ink
nozzl es 645, 6410, etc. on the line 1h of tHhe head 61 and the ink nozzles
655, etc. on the line 2h of the head 62 project droplets of ink at the
times indicated in FIG 15E. Thus, when a line of printing is made with the

20 recor di nghead.; nkhe L&t a prints dots nl, n2, n3, n4, ..
as in FIG 5 troﬁgh tlg PhPQQKSﬁESSQE gv?%& and the ink Jet head 62 prlnts

dots . ne, 6, M deNi@uokodas i eethaRs dhbvhadesSed Btk 9Aecli ne can

be prlnted at dot pitch P in scannin Irec hat is,
the ink jet heagnebheand 62, awhi ko @@cgelaaguea ehgetdthﬁhwfsn?P = he

mai n scanni ng direction, can make printing at twce the resol uti - 24-
deternined by that, gmenphtabt h&nbhgriﬂ@éanaydtﬁétmésa thechhngs 1 and 2d
of the heads 61 and 62 is set such that d = n 5D (n > 1), then a dot line

printed bg the bepdrGhposadbepbn a d&up@ﬁhépﬁ§eﬁhépﬂéa@ gotbééResbythbe
head 62 because the timng of application of the drive voltage waveforns

shown in FIGS. t3Aing ¢§Fappeidateoni o€dthesdadios vHEtagéchatefdrhbe
sub-scanning direction. In this case,
shown in FIGS. 15A to 15E are determined based on the
pitch D in the sub-scanning direction. 1In this case,
there is no prbblem. In practice, however, misalign-
10 ment will occur between the dot lines printedfby the
heads 61 and 62 due to irreqgularities in the thickness
of the substrate 63 and/or the adhesive layer.

When the amount of misalignment between the line
of dots nl, n2, n3, - printed by the head 61 and the

15 line of dots ml, m2, m3, ‘- printed by the head 62 is
in excess of one-half of the dot pitch in the sub-
scanning direction, similar control to that in the
above-described embodiments allows the amount of
misalignment to be reduced below one-half of the dq£

20 pitch in the sub-scanning direction.

In this embodiment, since one dot pitch in the
sub-scanning direction is further subdivided the
accuracy of printing position can be increased in
comparison with the above-described embodiments in

25 which the ink nozzles are staggered for every three

nozzles. However, in the five-phase driving for one

line of printing, the printing speed becomes slower



there is no problem In practice, however, msalign- 10 ment will occur
between the dot lines printed by the heads 61 and 62 due to irregularities
in the thickness of the substrate 63 and/or the adhesive |ayer. \Wen the
anount of m salignment between the line of dots nl, n2, n3, .. printed by
the head 61 and the 15 line of dots-mli2s5n2y nB, .. printed by the head
62 is in excess of one-half of the dot pitch in the sub- scanning
direction, simlar control to that in the above-described enbodi nents

al | ows the anmouthanf ifni shei ghpestphaskedreduggd bel ow one-hal f of the dot
20 pitch in the sub-scanning direction. In this enbodiment, since one

dot pitch in the subThuapnthg dhogcti of tﬁefuhtbénpﬁabdlarﬂeﬂngheraccuracy
of printing position can be increased in conparison with the

above- descri bedthebbilveephasend2bving @bpehds hen i tkade32f e5cefecnt agger ed
for every three nozzles. However, in the five-phase driving for one |ine of
printing, the pprihutiggspeeddbandntbesboveracy of Zorintheq posibeon.

t hree- phase driving. Thus, the choice of the three-phase driving or the
five-phas® driving dﬁﬁéhdsaoﬁouraheembOQemaaenofheh@rpnesegtspﬁednamdnthe
accuracy of prlntlng posi tion. Next, a fourth enbodi ment of the
present inventiGhlhipe %%S@ésbedb@dtm refexércente REGS GSI, 178 asdahs. 19.

In FIG 17, 71, 72 and 73 denote ink jet heads for
In FIG. 17, 71, 72 and 73 denote ink jet heads for

projecting cyan ink, magenta ink, and yellow ink,
respectively. The cyan ink jet head 71 and the magenta

10 ink jet head 72 are attached to both sides of a
substrate 74 with adhesive, and the magenté ink jet
head 72 and the yellow ink jet head 73 are attached to
both sides of a substrate 75 with adhesive,.théreby
forming one color print head assembly.

15 As shown in FIG. 18, the ink jet heads.71, 72 and
73 are formed with ink nozzles 761 to 769, -, 771 to
779, -, and 781 to 789, - each of which is associated
with a respective one of ink chambers. These ink
nozzles are placed in a staggered arrangement for every

20 three nozzles. That is, the ink nozzles 761 to 769,
of the ink jet head 71 are arranged at regular
intervals of pitch P in the main scanning direction
perpendicular to the direction of movement of the
recording medium indicated by an arrow.

25 In the ink jet head 71, the ink chambers are
divided into three sets each including every ﬁhird head.

That is, the ink nozzles 761, 764, 767, etc. form



projecting cyan ink, magenta ink, and yellow ink, respectively. The cyan
ink jet head 71 and the nmagenta 10 ink jet head 72 are attached to both
sides of a substrate 74 with adhesive, and the nagenta ink jet head 72 and
the yellow ink jet head 73 are attached to both sides of a substrate 75
wi t h adhesive, thereby form ng one col or pjd'7nt_ head assenbly. 15 .

As shown in FIG 18, the ink jet heads 71, 72 and 73 are fornmed with ink
nozzles 761 to 769, , 771 to 779,.., and 781 to 789, .. edach of- which is

assoctated wiih g respecti ve e ol il Sharterss Thape Jole noggles are
(he ik nozeles Thd 108 Slrd G4 o Slel o T ALe A anaed e a
o reet on of MoyaE, e e ARl A P PR 9, AT 25
el v ng cverdl £ heate TRt on Ut Sl d Shrdfiha o0

set, and g he nozzl£9 iffed.cal 66 THS%inlelfozd N B L NiTeh Sefsg, Thad nkinozzl es
761, 764, 767, etc. in the first set to which reference is nmade are

arranged 5  Ofb &dddil et R dVariId &S #62nd & WiBih alL. in the
second set are arranged on a line cb which is
offset from the line ca by given pitch D in the sub-
scanning direction. The ink nozzles 763, 766, 769, etc.
in the third set are arranged on a line cc which is
10 offset from the line cb by the pitch D in the sub-
scanning direction.

In the ink jet head 72 as well, the ink chambers
are divided into three sets each including every third
head. That is, the ink nozzles 771, 774, 777, etc.

15 form a first set. The nozzles 772, 775, 778, etc. form
a second set, and the nozzles 773, 776, 779, etc. form
a third set.
In the ink jet head 73, each of the nozzles 781 to
789, etc., which are arranged at regular intervals of
20 pitch P in the main scanning direction, is aliéned with
a corresponding one of the nozzles 761 to 769, etc. in
the head 71 in the sub-scanning direction. ' The ink
nozzles 781, 784, 787, etc. in the first set are |
arranged on a line ya which is spaced apart from the
25 reference line ca by distance d2 in the sub-scanning

direction. The ink nozzles 782, 785, 788, etc. in the

second set are arranged on a line yb offset from the



offset fromthe Iine ca by given pitch Din the sub- scanning direction.
The i nk nozzles 763, 766, 769, etc. in the third set are arranged on a |ine

cc which is 10 offset fromthe Iine cb by the pitch Din the sub-
scanning direction. In the ink jet head 72 as well, the ink chanbers are
divided into three sets each including evepy third head. That is, the ink
nozzles 771, 774, 777, etc. 15 forma first set. The nozzles 772, 775,

778, etc. forma second set, and the nozzles 773, 776, 779, etc. forma

rrd el In el gy §E9nTaLcERch oh hE BUBZLERNRRAG! 8 FRLBRC-

whi ch are arrange Intervals o

scanni ng directtRd, ihR Rbigned ?ﬁgh fgEOr HEPOR| nglgn@hgft¥ﬁgdng zles 761

to 769, etc. in the head 71 In e su -§canni’ ng |rect|on e |n nozzl es
781, 784, 787, gi&.afPahdedibhsh §§hea§@ 8EE8BYCErgR &nb T?n&ay b h s

spaced apart fron1the 25 reference”line ca by distance d2
sub-scanni ng di tgetpPich Theih NKkn80ZEbesc483ingB8airdB8ioRlC. I N the second
set are arranged on a line yb offset fromthe - 27 - line ya by given

pitch D i the sub-seR8Ning fetenbhaB. 71he 72nknAoz3l age’83ch/ 8@ rahdRd et c.
in the third set are arranged on a line yc offset fromthe |ine yb by the

pitch D in the sobpssaide Ngrilvéeebl bAgeSwaveforms tdhehetk jpekpbeadse’l, 72
and 73 are each arranged
ink chambers at the times indicated in FIGS. 4A, 4B and
4C as in the first embodiment, thus performing three-
phase driving. That is, the ink nozzles 761, 764, 767,
10 etc. on the line ca of the head 71, the ink nozzles 771,
774, 777, etc. on the line ma'of the head 72 and the
ink nozzles 781, 786, 787, etc. on the line yé of.the
head 73 project ink at the times indicated in.FIG. 4A.
The ink nozzles 762, 765, 768, etc. on the line cb of
15 the head 71, the ink nozzles 772, 775, 778, etc. on the
line mb of the head 72 and the ink nozzles 782, 785,
788, etc. on the line yb of the head 73 project ink at
the times indicated in FIG. 4B. The ink nozzles 763,
766, 769, etc. on the line cc of the head 71, the ink
20 nozzles 773, 776, 779, etc. on the line mc of the head
72 and the ink nozzles 783, 786, 789, etc. on the line
yc of the head 73 project ink at the times indicated in
FIG. 4C.
For printing one line using the head assembly thus
25 arranged, the ink jet head 71 is first three-phase

driven to print dots, the head 72 is then three-phase

driven to print selectively dots on the printed dots by



to provide drive voltage waveforns to their respective ink chanbers at the
tinmes indicated in FIGS. 4A, 4B and 4C as in the first enbodi nent, thus
perform ng three- phase driving. That is, the ink nozzles 761, 764, 767, 10
etc. on the line ca of the head 71, the ink nozzles 771, 774, 777, etc. on
the line ma of the head 72 and the ink nozgles 781, 786, 787, etc. on the
line ya of the head 73 project ink at the tinmes indicated in FIG 4A. The

i nk nozzles 762, 765, 768, etc. on the line cb of 15 the head 71, the

i Nk nozzles 77 775 78, etc n the |i f_ t.he q$ad 72 d the ink
nozzles 782, 78 ,e %Jet o %’hd t‘f(zhee I}?erl%éyﬁfo{g)t’ﬁlen%lg% eper_cﬁh%c ®ink at

the tines indic ' |G e ' /66, 7 t he
line cc of the ﬁ%%%d:ﬁ%e“ﬁks#é%%ﬁéet?%%hﬁ%&lﬁ%% eﬁ% orr t he
line nc of the t [ n S 736, ' e line
yc of the head {/}?g}%fde%?ﬂl n%?%tﬁt(he()%l?&ri‘s ?%%ﬁ&?%l%%ﬁéﬁ
printing one |ife Usi SSSE t the ink jet
head 71 is firs trﬁrier{e&-gﬁﬁ;geeg'ﬁlven t(?%)%lsl n?yzco}tzasi,l' t%aega%:lr{egd]- %nc% s then

three-phase driyendyp jﬁfdé'ﬁe:ﬁfér?@fﬁ# VS Vs ti0h 51 iPbddte i Uhdly, - 28

- the head 71, "and the head 73 is Tinally three-phase driven to print
sel ectively dots on ifesigpesi gt &1 byetischearls Tinarsh 72s dhuiscy&! o

printing is made by printing three col ored dots of cyan, magenta, "and
head 71 and the line ma of the magenta head 72 is set
such that d1 = n 3D (n 2 1) and the spacing d2 between
the line ca of the cyan head 71 and the line ya of the
10 yellow head 73 is set such that d2 = n’ 3D (n'2 1),
then the printed dots by the heads 72 and 73 can be
superimposed accurately upon the printed dofs-by the
head 71 because the timing of application of the drive
voltage waveforms shown in FIGS. 4A, 4B and 4C is
15 determined based on the pitch D in the sub-scanning
direction. 1In this case, there is no problem. In the
presence of irregularities in the thickness of the
substrates 74 and 75 and/or the adhesive layer, however,
misalignment will occur among the cyan dots, the
20 magenta dots, and the yellow dots. That 1is, such
misalignment of dots as shown in FIG. 19A is produced.
The misalignment of dots is measured in the same
way as that of the first embodiment described. in |
connection with FIGS. 9A and 9B.
25 In such a case, as with the first embodiment, the
position of each dot in the sub-scanning direction is

adjusted and the dot misalignment is minimized by



5 yel | ow i ndependently or superinposed upon each other. If the spacing
dl between the line ca of the cyan head 71 and the line nma of the magenta
head 72 is set such that dl = n 3D (n > 1) and the spacing d2 between the
line ca of the cyan head 71 and the line ya of the 10 yel l ow head 73 is
set such that d2 = n' 3D (n'> 1), thenitheggrinted dots by the heads 72 and
73 can be superinposed accurately upon the printed dots by the head 71
because the tim ng of application of the drive voltage waveforms shown in

FIGS. 4A, 4B ang, flfilrlg_ﬁ déj:.etaelrlrad}f\%daaﬁﬁdt@fé e eog e {hd mddie

sub-scanning dire S case ere 1s no problem In the presence

of irregulari tlye% dmaide Hé’&c?k“)?st% rcwb“c@it}ﬁct ratgs o/ 4 /> @/ or the

adhesi ve | ayer owever, m sal |gnne occur anong the cyan dots, the

20 magent a @lyéﬁ e M8 N 1Rt -doth@ar DectMd JUmadt igpay of

dots as shown in FIG. A is produced. The m salignnment of "dots 1s neasured

in the sane WaYa@éui'é'@é ngasI héhdw sitn entepdi )t QeseEviirfl ddle®nnect i on
with FIGS. 9A and 9B. 2 In such a case, as with the first

embodi merg , t heppdst in@rodfgeathpdiitiyn the sub-scanning direction is
adjusted and the dot msalignnent is mnimzed by - 29 - varying the

order allocated for HéeeinafsSe®f 4 heibheacerbdimby dfacthe piteseno] ect ink..
As a result, the cyan, nagenta and yell ows dots can becone superi nposed
invention will be described with reference to FIGS. 20
and 21.
As shown in FIG. 20, n ink jet heads 811 to 81n

10 each having a large number of ink chambers érfanged are
staggered on either side of a substrate 82‘to form an
elongate line print head assembly. This 1ine_print.
head assembly is placed so fhat its 1ongitudinél line
coincides with the main scanning direction perpendlcu—

15 lar to the direction in which a recording medium moves
and makes printing onto the recording medium on a line
by line basis.

In each of the ink jet heads 811 to 81n of the

line print head assembly, as in the ink jet heads 1

20 and 2 in the first embodiment, the ink nozzles are
staggered for every three nozzles and the ink chambers
are divided into three sets each including'every third
chamber. 1In such a line print head, as shown in
FIG. 21, each of lines of ink nozzles 83 in the head

25 811 and the corresponding line of ink nozzles 84 of the

head 813 placed on the same side as the head 81 may be

offset from each other by Ad in the sub-scanning



accurately as shown in FIG 19B, achieving color 5 printing of good

quality. Hereinafter, a fifth enbodi nent of the present invention wll be
described with reference to FIGS. 20 and 21. As shown in FIG 20, n ink jet
heads 811 to 81n 10 each having a | arge nunber of ink chanbers arranged

are staggered on either side of a subs[fayﬁJBQ_to forman elongate |ine
print head assenbly. This line print head "assenbly is placed so that its

| ongi tudinal line coincides with the main scanning direction perpendicu- 15
lar to the dirgflio in which a recording nedi um noves and makes printing
onto the recor g mon a line by line basis. In each of the ink jet
heads 811 to 81n of #he | i.,ne print hq§ s in.theink jet,heads 1

d nb
20 and 2 in the ?rss‘fc}érﬁo%ﬁ%httf %h lsr?%ko’lr%szeztlae%arhrbee sﬁ%ﬁee 1"d'ee?ldfor
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corrected ink nozzles in the head 811. That is, as described
previously in the first embodiment, the position offset
in the sub-scanning direction is corrected by changing
the order in which the drive voltage waveforms shown in
10 FIGS. 4A, 4B and 4C are selected, i.e., by changing the
timing of ink projection. The position offset in the
sub-scanning direction of the ink nozzles of the heads
811 and 812 that are placed on the opposed surfaces of
the substrate 82 can be corrected through ekactly the
15 same control as in the first embodiment.
A sixth embodiment of the present invention will
be described next with reference to FIGS. 22 and 23.
As shown in FIG. 22, n ink jet heads 851 to 85n
each equipped with a large number of ink chambers are
20 arranged side by side on the same side of a substrate
86 and fixed to the substrate with adhesive, thereby
forming an elongate line print head assembly. This
line print head assembly is placed so that its
longitudinal line coincides with the main séanning-
25 direction perpendicular to the direction in which

a recording medium moves and makes printing onto the

recording medium on a line by line basis.



by making the timng of projecting of ink fromeach set of ink nozzles in
the head 813 differ fromthe timng 5 of projecting of ink fromthe
correspondi ng set of ink nozzles in the head 811. That is, as described
previously in the first enbodinent, the position offset in the sub-scanning
direction is corrected by changing the ordfr in which the drive voltage
wavefornms shown in 10 FI GS. 4A, 4B and hcare selected, i.e., by
changing the timng of ink projection. The position offset in the
sub-scanning direction of the_ink nozzles of the heads 811 and 812 that are
pl aced on the opposet! sSRFRRE Bhet haksiBkt haads 885takob@5RoPEcthed t hr ough
exactly the 15, same cqntrol as in the first enbodinent. A sixth

embodi ment of tHe S rRsHH: %?ﬁfgrﬁ‘ﬁﬁf“%ﬂ p2 Hesthe bk nigt h@adsrkference
to FIGS. 22 and 23.,As s omnﬁjn FI G %i, n ink jet heads 851 to 85n each
equi pped wi th &Thryetth L 0FSt RORPLHBRAG/ b ke ok nozgles ke side by
side on the sanftside Q% substrate 86 and fixed to the substrate with
adhesi ve, ther by 10rM gfaoﬁ DTGt EFF e H7+7F dtBR kb ShampEs | i ne

R T T B

the main scanning di'rection perpen _ !
i ne by |1 ne bagaeres B SR eE HAL b ENGad ot SR Mot (G 5n of
t he FIG. 23, each of lines of ink nozzles 86 in the head
851 and the corresponding line of ink nozzles 87 of the
head 852 may be offset from each other by Ad in the

10 sub-scanning direction.

In such a case, the lihe offset can be cérrected
by making the timing of projecting of ink from each set
of ink nozzles in the head 852 differ from the timiﬁg
of projecting of ink from the corresponding set of.

15 ink nozzles in the head 851. That is, as described
previously in the first embodiment, the position offset
in the sub-scanning direction is corrected by changing
the order in which the drive voltage waveforms shown in
FIGS. 4A, 4B and 4C are selected, i.e., by changing the

20 timing of ink projection.

A seventh embodiment of the present invention will
be described next with reference to FIG. 24.

As shown in FIG. 24, for example, four ink jet
heads 911, 912, 913 and 914, each equipped with a large

25 number of ink chambers, are arranged such that they are
in parallel with each other in the direction indicated

by an arrow in which a recording medium moves, i.e., in



line print head assenbly, as in the ink jet heads 1 and 2 in the first
enbodi nent, the ink nozzles are staggered for every three nozzles and the

i nk chanbers 5 are divided into three sets each including every third
chanber. In such a line print head, as shown in FIG 23, each of |ines of

i nk nozzles 86 in the head 851 and the gor%;spondlng line of ink nozzles 87
of the head 852 nay be offset from each ot by Ad in the 10

sub- scanni ng direction In such a case, the line offset can be corrected by

maki ng the tini o ectJ i nk, from each set i nk noz les in the

head 852 differt QWQﬁ 4ﬁr?ﬁEﬁ%%t?ﬂ e ?&???%n?Q%E c% T?8spondi ng
t of 15 K t he, head 851. d bed

[S)(raev?ousl y in t%nac}? ?} esrﬁ?@(ﬁﬁé‘?ﬁ@g)flﬂjen%%sﬁ? o%n%?flslgtsth%%g#engub scanni ng

direction is c b d h t ol t age
wavef or s shomf’rclra%crf:"l% &/lzf'%] &4% rgg%éﬁﬁe %&%]e%’ gh %lrg% c‘Fﬁaﬁ ing the
20 timng | d| sent
invention will Q{)hld(]ﬁstg{ﬁoblgetcf‘t n@xﬁ%&f&b&%ﬂ%ﬁ to %‘e&?y 2§$§K§£§hom in

FIG 24 or e f Q§$gﬁ 1, 912, 913 and 914, each

equi ppedsfmth ?{%ﬁe"“l lﬂ{lkhé er o mg}chanbers are arranged such that
they are in parall elxm&ﬁa&@ eﬂ@einknjéeehgaasw19%@1@%@%9& an arrow

in which a recordi ng medi um noves, 1i.e.
serial print head assembly, the ink nozzles are

staggered for every three nozzles and the ink chambers
are divided into three sets each including every third
10 chamber. When reference is made to a line 1i on which
a first set of ink nozzles 92 in the leftmost head 911
are arranged, a line 2i on which a first set of ink
nozzles 93 of the head 912 are arranged is spaced apart
by distance dl from the line 1i. A line 3i on which
15 a first set of ink nozzles 94 of the head 913 are
arranged is spaced apart by distance d2 from the line
li. A line 4i on which a first set of ink nozzles 95
of the head 914 are arranged is offset by'distance_d3
from the line 1i.
20 This type of serial print head assembly is
arranged to move in the main scanning direction with
a recording medium stopped to thereby print multiple
lines of dots at a time.
The print head assembly forms a color serial print
25 head when the heads 911, 912, 913 and 914 are used as
heads for cyan, magenta, yellow, and black,

respectively.



t he sub-scanning direction and are spaced apart from each other by
predeterm ned distance in the main scanning direction perpendicular to the
direction in which the recordi ng medi um noves, thereby formng 5 a
serial print head assenbly. In each of the ink jet heads 911 to 914 of the
serial print head assenbly, the ink nozzles are staggered for every three
nozzl es and the ink chanbers are dividéd PAto~three sets each I ncl udi ng
every third 10 chanber. \Wen reference is made to a line 1li on which a
first set of ink nozzles 92 in the leftnost head 911 are arranged, a |line
2i on which a first @hﬁn(ﬂoﬁﬁﬂéﬁﬂﬂ&ﬁde§wg3h@fh@ﬁéshéédrgﬁézaﬁédaﬁﬂénged |s
spaced apart by distance dl fromthe line 1li. Aline 3i on which 15

first set of | MEhERA &f gpUIEtENe IRetBeoT8inr ECAPRARGHIrsCEpaBed thfar t by
distance d2 fromthe line 1i. Aline 4i on which a first set of .ink nozzles
95 of the head FeTid &Wﬂ&ﬁg@@el§IGWFS¥P15998|§?Eﬁ§@rH§ PRt BB |ine 1i.

20 Thi_s pe of seri print head assenbly is arranged tqQ nove in
the main scanmlﬁféélﬂébtﬁ@h %t# aF@céFiFﬁﬁe HPUnpgtﬁgﬁﬁae 02fhéPeby

0o b ShH P! G Bt Shadll Tip ALl bRk MESE A R o
used as heads ftoiron Al TEETNR nb3hQ% c3Rdpl! éﬁ‘éngeSSESCt LughY set

of ink nozzles in the heads 911, 912 and 913 to correct
the registration error of dots in the main scanning~
direction.

10 Next, detailed configurations of the ink jet heads
.in the embodiments thus far described will Be.described.

FIGS. 25A and 25B show an ink jet head of the type

that heats ink in the ink chambers and then projects it.
Grooves of U-shaped cross section are formed in one

15 surface of a substrate 101 at predetermined éitch.
The grooves are covered on top with a board 102 and
covered in front with an orifice plate 104 formed with
ink nozzles 103, thus forming a large numbér of ink
chambers 105. Within each ink chamber are fo;med a

20 heating element 106 and electrode patterns 107 and.108
for energizing the heating element, which, in turn, are
covered with a protective coating 109.

In this type of ink jet head, application of

a drive pulse to the heating element 106 through the

25 electrode patterns 107 and 108 rapidly heats ink within
the ink chamber, so that it boils and forms a bubble of

vapor, thus allowing a droplet of ink to be ejected



- 33 - Wien dots printed by the heads 911, 912 and 913 are out of register
in the main scanning direction, the order in which the drive voltage
waveforms shown in FIGS. 4A, 4B and 4C are sel ected can be changed as in 5
the first enmbodinent, i.e., the timng of ink projec- tion fromthe ink
nozzl es can be changed for each set of in5 nozzles in the heads 911, 912
and 913 to correct the registration error 8t dots in the main scanni ng
direction. 10 Next, detailed configurations of the ink jet heads
in the enbodi ments thus far described will be described. FIGS. 25A and 25B
show an ink jettA8adhss ifffe O3 e-hat heats ink in the ink chanbers and
then projects it. G ooves of U shaped cross s?ggio are forned.in one 15

[

surface of a substr &ORSFFRCHING &rdSnBRdRHNEAE THERR FHGEY i over ed
on top with a Bpard 102 .and covered in front with an orifice.plate 104
formed with in er‘i‘ﬁ'le‘*’@éll%oéf,eq&lﬁlf? PoFMig rﬁgrlﬁeaﬁ‘ﬁf'}ﬂ&r oft SLfE “Henber s
105. Wthin each ink chanber, are forned a Zg . hea;in %Ienent 106 and

ol actrode patt EHETIFRINA 168 %ForomRER oS RGaEA2SEIEMREE AFent . which,
in turn, .are coyered w.th,a protective coati 109. In Lhis5t%$e.of ink jet

head, applicatiBn'SF & diffe S5IEs Hmﬁ’tﬁgéﬁgggpﬁglgléﬁeﬁPFfﬁé Fhridugh the
25 electrogﬁmpggggr?§ %Q%o%@% %%%pggﬁgggﬁ heala %EﬁéWHEQH%iEQF | nk

chanber, so th It 7ol 'S an ornms e of vapor, thus al'l'ow ng a
droplet of inkdQA8PLb8%8e ink chambers reduces the number of

heating elements that are driven at the same time,
allowing the supply amount of electric power to be
10 reduced and hence the size of power supply to be
reduced. If, when such time-division driving is
performed, the ink jet heads are configureq and
controlled as in the previously described embodiments,
the alignment error of dots can be corrected.. This is
15 the case with the time-division driving of a serial
print head. o
FIGS. 26A and 26B show an ink jet head of the type
that ejects ink within ink chambers by mechanical
vibrations of a piezoelectric material. Grooves of
20 U-shaped cross section are formed in one surface of a
substrate 111 made of a piezoelectric material, when an
actuator that is polarized in the direction of an arrow
is formed in the middle of each groove. Electrode
patterns 113 and 114 are formed on the oppdsed surfaces
25 of the actuator. The grooves are covered on top with
a board 115 and covered in front with an orifice plate

117 formed with ink nozzles 116, thus forming a large



- 34 - fromthe ink nozzle. Constructing a line print head from such ink

j et heads woul d require a considerable anount of electric power when a

| arge nunber of heating elenents are 5 driven at the sane tine,
resulting in an increase in the size of a power supply used. The
time-division driving of the ink chanbers reduces the nunber of heating

el enents that are driven at the sane time,3%l lowing the supply amunt of

el ectric power to be 10 reduced and hence the size of power supply to
be reduced. [f, when such tinme-division driving is performed, the ink jet
heads are confinjimke skl tontelankeirasii$. t he previously described

enbodi nents, the alignnment error of dots can be corrected. This is 15

the case with the tiWbtli Viiss obiveei 9f ngnlf jatshkeadt apphicatien FLGS. 26A
and 26B show an _ink jet head of the type that ejects ink within ink
chambers by nechehR aPulsdrkgtwern ofhd plecberdetPattemierl b . ams obles of
20 U-shaped cross section are forned [n one surface of a substrate 111
made of a pi ezdeAeReF iteThARIGR}  defRFMahlaRt 1At bhe t#Eu3EOhol bt i zed in the
direction of an arrpw is forneg in the mddle ff eac rooye, E%ectrode
patterns 213 antPT4HIRG IRy JIE hitR opPB Bl Wi 1At ekhesink chambeg.

actuator. The grooves are covered on tgf W th %gard 115 and covered in
front with an driFreed9| R ¢tha 7o bR L i the i TRK 0B3RS 138VO1 YR8 ®orning a

large change in pressure in the ink chamber, allowing ink to
be ejected from the nozzle.
Constructing a line print head or a serial print
10 head from such ink jet heads and driving ink chambers
on a time-division basis allow alignment error of dots
to be corrected as in the previously described
embodiments.
FIGS. 27A and 27B show an ink jet head.of the
15 type that ejects ink by mechanical vibrations of
piezoelectric elements. Two polarized piezoelectric
elements are glued together with their directions of
polarization opposed to each other to form a substrate
121. U-shaped grooves are formed at predetermined
20 pitch in one surface of the substrate across the two
piezoelectric elements. An electrode pattern 122 is
formed 6n the sidewalls and the bottom of each groove.
The grooves are covered on top with a board 123 and
covered in front with an orifice plate 125 formed with
25 ink nozzles 124, thus forming a large number of ink
chambers 126.

With this type of ink jet head, application of a



- 35 - nunber of ink chanbers 118. Wth this type of ink jet head,
application of a drive pul se between the electrode patterns 113 and 114
causes nechani cal deformation in the actuator 112, 5 resulting in a
change in the volune of the ink chanmber. A change in the volune of the ink
chanber involves a change in pressure in the ink chanber, allowing ink to
be ejected fromthe nozzle. Constructing a3l ne print head or a serial
print 10 head from such ink jet heads and driving i nk chanbers on a
time-division basis allow alignnment error of dots to be corrected as in the
previously descfrbéd pwbedi hehveenrLs. elpataode? PRtslow 422 wif jeet imdad of
the 15 type that ejects ink by nmechanical vibrations of piezoelectric
el enents. Two pBRaPPSEd(prBEBE| Bk Fhambersnendatcegleled tiroget Ipert bsirrh
their directioni gf golarization opposed to each other to forma substrate
121. U shaped gtéoves 8Rehf8fnEHCatnkr ehambersnd@620n botyi sdlesi wfone
surface of the fﬁb tra%e gcross the two piezoelectric elenents. An

el ectrode patteFfidt2dnfsChaphey GAVUERE TEGORRICS lafeformatdriiodnof each
groove. The grogQves,arge covered on_ t with a board 123 and covered in
front with an o??ngﬁag?a?%rgkgn?opﬁggeﬁptﬁh?Stwo 1k ChEFPeEs 1124, t hus

! . 126. Wth this.t f ink.jet head,
;BLF}ggt?OLag?eﬁggHPgingflhng 8 gHggrin pressure o I%hey@%n%ef Qnﬁea ca

chamber from which ink is to be ejected. The change
in pressure allows ink to be ejected from the ink
nozzle 124 associated with the center ink chamber.
10 With this type of ink jet head, since substrate
portions each between an ink ejecting chamber and
an adjécent ink chamber are deformed, it follows that
the ink chambers are driven on a time-division basis.
Configuring and controlling this type of ink jet head
15 in the manner described in connection with each of .the
embodiments allows.alignment errors of dots to be
corrected. |
Although the preferred embodiments of the present
invention have been described in terms of ink jet heads,
20 the present invention is also applicable to thermal
heads.
The previously described staggered arrangements of
ink nozzles may include such an arrangement as shown in
FIG. 28.
25 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to



- 36 - drive pul se between the el ectrode pattern 122 of an ink chanber
(center ink chanber) and the el ectrode pattern 122 of each of two ink
chanmbers 126 on both sides of that ink chamber causes nechani cal
deformation in 5 substrate portions between the two i nk chanbers,
resulting in a change in pressure of the center ink chanber from which ink
is to be ejected. The change in pressure aBl7ows ink to be ejected fromthe
i nk nozzle 124 associated with the center ink chanmber. 10 Wth
this type of ink jet head, since substrate portions each between an ink

ej ecti ng chanberthend pee ifdjcaderttaiilisk aglamepreseatdéefivenesbodtimbalisows t hat
the ink chanbers are driven on a tine-division basis. Configuring and
control ling thi shopse agid idesgrdtbededreSin. AcgorHéngdynevadésusi bed in
connection with each of the enbodi nents allows alignnment errors of dots to
be corrected. Amdsbfgieatieons afayr bed radeodilivbous depansipgeseom itheent i on
have been described in terns of ink jet heads, 20 _ the present invention
is al so appl i cafiRE’iG HesP@PeshefdsheTigensrali dnyeptdysceppeapst agger ed
arrangenments of jnk nozzles may include such an arrangenent as_shown in
FIG 28. 5 definegydv ithifaiePRARERch §d S 18§d 2aRgdthra &t PEHS VALENtBeadi | v
occur to those skilled in the art. Therefore, _



in i broader aspects is not limted to - 37 - the

th ) ts
speci fic det au lall Iﬂl gl’WE ative enbodi nents shown and descri bed herein.
Accordi ngly, “ A ions may be made without departing fromthe
spirit or scope o the general inventive concept as 5 defined by the
appended cl ai ns and their equival ents. o38 - CLAIM5S 1. A nethod of
driving a recording head in which a pIuFaI??y-ﬁf recording el ements are
arranged in parallel with each other in a main scanning direction 5
perpendicular to a direction in which a recordi ng nedi um noves relative to
the recording el ements and are spaced ap&FfI¥Pom each otheL b% a i
redeterm ned distance in a.suyb-sc Ing .direction in which the recording
ﬁedi Um nNoDves, Cconpri gi‘ng ﬂﬁ%g\oﬁg qafﬂgfrf%mg 3y E@SP&FFl‘r&geIh@ﬁ‘QnEé‘ RGN (an
i nteger of two qr re) .sets each includi every N-th recording el ement,
pl acing N conti Guds'™ %?dPﬁgrEFgﬁgﬁPg gigWePﬁélﬁﬁgdaFﬁaﬁgﬁ_sb C}IVE one
of the N sets i tagger. arran nt,. driving the recording el enents on
atim 15 d?@ﬁ?ﬁ&%qbigﬁg F&F%e§§ﬁ%§eﬁ? anf2tiinERaPRE g nBEA cﬁfon )
nlsallgnngnt be&%ﬁf@nﬁﬁ%ﬁl%gc%gdgdd9¥e@t§8£eﬁgn% igﬁta recording

medium moves relative to the recording elements and

e invention

are spaced apért from each other by a predefefmined
distance in a sub-scanning direction in which the
recording medium moves, comprising dividing the

10 recording elements into N (an integer of two or more)
sets each including every N-th recording element,
placing N contiguous recording elements each included
in a respective one of the N sets in a staggered
arrangement, driving the recording elements on a time

15 division basis for each set, and, when the amount of
misalignment between dots recorded by a referénce set
of recording elements and dots recorded by the other
sets of recording elements exceeds one-half of a pitch
in the sub-scanning direction between the adjacent

20 recording elements in a staggered array, changing the
order in which the sets of recording elements are
driven on a time division basis to reduce the amount of
misalignment of dots below one-half of the pitch in the
sub-scanning direction between the adjacent recording

25 elements in a staggered array.

2. The driving method according to claim 1,

wherein the recording head is a thermal head.



of recorgj el ement s and-dots recorded by the other sets of recording

el enent s@%ﬁg%’ﬂﬁm of a pitch in the sub-scanning direction between
the adja ding elenents in a staggered array, changing the
order in which th& sets-of recording elenents are driven on a tjime division
basis to reduce the anmount of m salignnent of dots bel ow one-half of the
pitch in the sub-scanning direction between% he adj acent recording 25

el enents in a staggered array. 2. The driving nmethod according to claim1,
wherein the recording head is a thermal head. - 39 - 3. A nethod of
driving a recordi ng hkead & metliah &f doialngya ofedonding headisiradhidiavi ng
a | arge nunber of ink chanbers each provided wth an ink nozzle are
arranged in par @ [Rusgliitvesdh igthelet headmispdtdmiiing 3 largg rmayhern
perpendicular to a direction in which a recordij&al medi um noves relative to

t he heads and ar dpdc &pagpans Gash QKW slek i 2prigdet3A R R%8 st ance
I n a sub-scanning directi,on in which the recardi ng nedi um noves, conpri sing
di vi di ng the i n@TEEnged dihmgias Il et RAThEOIRE jdt HaRI iTRY NG
e oo e RO LU 19, SYELI N ik charoer, placi ng
PRI A AR TR RSN T N L
are spaced apart from each other by a predetermined
distance in a sub-scanning direction in which the
recording medium moves, comprising dividing the ink
10 chambérs of each of the ink jet heads into N (an
integer of two or more) sets each including every N-th
ink chamber, placing ink nozzles of N ink chambers
each included in a respective one of the N sets in
a staggered arrangement, driving the ink chambers on a
15 time division basis for each set, and, when the amount
of misalignment between dots recorded by droplets of
ink ejected from ink nozzles of a set of ink chambers
in a reference head of the heads and dots recérded by
droplets of ink ejected from ink nozzles of each set of
20 ink chambers in the other heads than the reference head
exceeds one-half of a dot pitch in the sub-scanning
direction, changing the order in which the sets of ink
chambers are driven on a time division basis to reduce
the amount of misalignment of dots below one-half of
25 the dot pitch in the sub-scanning direction.

4. The driving method according to claim 3,

wherein, in the ink jet heads that are placed in



of msalig s recorded by droplets of ink ejected fromink
nozzl es ofgﬂﬂmm“ﬁﬂmﬂ%mers in a reference head of the heads and dots
recorded by ety 0k 1Mk ejected fromink nozzles of each set of 20

i nk chanbers in the other heads than the reference head exceeds one-half of
a dot pitch in the sub-scanning direction,, changing the order in which the
sets of ink chanbers are driven on a tine vision basis to reduce the
anount of m salignnment of dots bel ow one-half of 25 the dot pitch in

t he sub-scanning direction. 4. The driving nmethod according to claim 3,
wherein, in thedikieret RQGLEiRE o cthf RrgGpnning A rec) ¥y ent
positions in the sub-scapning, direction, correspondi I nk nozzl es are

of fset from eacdtP HAIRRONH NIl i HPEELFMI HF ﬁ’tqti o‘{}:.go“s.ea % ng

met hod accordin tqlclaiﬂ13 S5 . grein. the ink jet heads that are
placed in differenttHdait FRAMHAHALAS St Y ni ng direction are heads each

printing a respective o of ,colors of §8$I an. .and ﬂ§ enta for making

color printing. 6. A het T %ﬁl +?@iﬂﬁt e%%ﬁ%ﬁaqumﬁﬁi?_. ith 10 a
Pl ural L% 0F  indfs DSA0S SRENdRviate LROS bRl l i chadhgrs each

provided ™ with anin hozoT e ace € on the sane Side of a
e, SRS PR R Lk A e
printing a respective one of colors of yellow; cyan,
and magenta for making color printing.
6. A method of driving a recording head in which

10 a plurality of ink jet heads each having a large number
of ink chambers each provided with an ink nozzle are
placed side by side on the same side of a substrate in
a main scanning direction perpendicular to a direction
in which a recording medium moves relative to the heads,

15 comprising dividing the ink chambers of each of the ink
jet heads into N (an integer of two or more) sets each
including every N-th ink chamber, placing ink nozzles
of N ink chambers each included in a respecti&e one of
the N sets in a staggered arrangement, driving the ink

20 chambers on a time division basis for each set, and,
when the amount of misalignment between dots recorded
by droplets of ink ejected from ink nozzles of a set of
ink chambers in a reference head of the heads placed on
the same side and dots recorded by droplets of ink

25 ejected from ink nozzles of each set of ink chambers of

the other heads than the reference head exceeds one-

half of a dot pitch in the sub-scanning diréction,.



15 conpri sing dividing the ink chambers of each of the ink jet heads
into N (ﬁ"{"ﬂﬂ or nore) sets each including every N-th ink
chanber, mm’mﬂmmgl es of N ink chanbers each included in a
respective dnetof#the ets in a staggered arrangenent, driving the ink 20
chanbers on a tine division basis for each,set, and, when the amount of

m sal i gnnment between dots recorded by drop? ts of ink ejected fromink
nozzles of a set of ink chanbers in a reference head of the heads placed on
the sane side and dots recorded by, droplets of ink 25 ., _ejected fromink
nozzl es of eacHQ%%Rgiﬁgi CPE r%ndvﬁ%ﬁg bhRerehRaat %ﬂ%né?ﬂ%b?ﬁ?e?gkce
head exceeds ongﬁ Q%Q; of, a dot fitgh.in t he su@:scanning.directlon -
41- changing t he'raeies MR 2T RedEEY SR of M Ak PRANDEY SISt A2 HE hEP heads
are driven on a_tine di.vision basis to reduce the unt ,of . mi sal i gnnment of
ot s bel ow one_ T s rRnGRE oo hEs ARt B RO, St Puceren. &

7. A nmethod of } Vi r rdi head, J |.C | I nk jet
heads each havi}r’fggjﬁa 4‘2‘%}% n%%eglg(?hiﬁﬁ Eh%n%@r)sg%%éﬁ“ség‘\h/%}e%e% h an ink
nozzl e arge placed in,a s r appt .0 L gde,.of ja;subgtrate in
a main ségnning dire%tid%a%%?%ggd?ﬁuﬁg?9F§818 Pegggdgﬁgegg%gh}ﬁnaﬁ%§gh a

R0 ™o SRR 64 3 LepkolEonEadSen R WAL Shgth gt |
into N (an integer; Bf WO r&OLEenh SFESvEEER with an ink npz?le are

placed in a staggered arrangement on one side of a
substrate in a main scanning direction perpendicular to

10 a direction in which a recording medium moves relative
to the heads, comprising dividing the ink chambers of
each of ink jet heads placed on the same side of the
substrate into N (an integer of two or more) sets each
including every N-th ink chamber, placing iﬁk ﬁozzles

15 of N ink chambers each included in a respeetive one of
the N sets in a staggered arrangement, driving the ink
chambers on a time division basis for each set, and,
when the amount of misalignment between dots recorded
by droplets of ink ejected from ink nozzles-of a set of

20 ink chambers in a reference head of the heads placed
on the same side and dots recorded by droplets of ink
ejected from ink nozzles of each set of ink chambers of
the other heads than the reference head exceeds one-
half of a dot pitch in the sub-scanning direction,

25 changing the order in which the sets of ink chémbers

0of the other heads are driven on a time division basis

to reduce the amount of misalignment of dots below '



|nclud|ng every N-th i nk chanber, placing ink nozzles 15 of N ink
chanbers iﬂmﬂ "m'me respective one of the N sets in a staggered
arrangene ””"Fk chanbers on a tinme divi >|-|-ms BasES HASBEENCH
set, and, wheh the andunt of m sal i gnnment betmeen dots p@g@E@y dr |l ets
of ink eJected fromink nozzles of a set o% I

reference head of the heads placed on the %ne side and dots recorded by
droplets of ink ejected fromink nozzles of each set of ink chanbers of the
ot her heads than the reference head exceeds one- half of a dot pitch in the
sub- scanni ng diPRRthdHE o the dolRikght he BhUeFubrsGRRRNY HALERE IR - i nk

chanmbers of the other heads are drlven on a tinme division bgsls to,. reduce
the amount of misalignneht™eEhed: ILpEré¥ing arragosdingheads 1p ehich pitch

whi ch a plural % ”ﬁfrde';%?tcs}é’ FEREL @.%@cdla'ﬁ%\? S AnfAroe s
W ih each ot herot ik SRR A i DR BRL wwa ¥ ”f?%%%fﬁ%ﬁl um

or edet er i ned. dPSTAINES T }%ﬁdlnfeﬁa‘ﬁ hER e dtnch s trantad e
sub- scanni g dig ekl Oftn SR ELA%, ecorgfﬁoﬁwﬂmahﬁ bak f@f‘&'@e&é of each

of the ink jet nDre Set’s each T ncl uding

every N-th ink chafher, . acing 4Pk Qﬁéé&?saﬁéré\' EP&n each other by

a predetermined distance in a main scanning direction

perpendicular to the sub-scanning direction, comprising

lQ dividing the ink chambers of each of the ink jet heads
into N (an integer of two or more) sets each including
every N-th ink chamber, placing ink nozzles of N ink
chambers each included in a respective one of the N
sets in a staggered arrangement, driving the ink

15 chambers on a time division 5asis for each set, and,
when the amount of misalignment between dots recorded
by droplets of ink ejected from ink nozzles of a set of
ink chambers in a reference head of the heads_and dots
recorded by droplets of ink ejected from ink nozzles of

20 each set of ink chambers in the other heads than the
reference head exceeds one-half of a dot pitch in the
main scanning direction, changing the order in which
the sets of ink chambers in the other heads are driven
on a time division basis to reduce the amount of

25 misalignment of dots below one-half of the dot pitch in
the main scanning direction.

9. A driving method for recording head,
his Sheet Has Been Rerlaced : :
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chanbers i Inm n I respective one of the N_setg_ip a stgggereg
o g ARG 5575 chorter on = 12 s gy

droplets of ink ejected fromink nozzles of a set of ijnk chBRBEAED n a
reference head of the heads and dots recorggd by droplets of 1nk ejected
fromink nozzles of 20 each set of Tnk*¢hamnbers in the other heads than
the reference head exceeds one-half of a dot pitch in the nain scanning
direction, changing the order in which the sets of ink chanbers in the

ot her heads areSHPFy@RtsALlhYtapehareisbefopasiesenibeduétth heetppanecof 25
m sal i gnment of dots bel ow one-half of the dot pitch in the main scanning
direction. _tg3th?e§qzcj:ompany1ng drawings.
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